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The Integrated Design Lab - Bozeman is funded by the Northwest
Energy Efficiency Alliance. Our services include energy and lighting
analysis for Montana architects and engineers who wish to become
more aware of the environmental impacts of energy consumption.

As a member of the BetterBricks Lab Network, Montana State
University’s Integrated Design Lab- Bozeman is your Montana
contact for energy and daylighting information, education and tools
for assessing integrated design decisions, including daylighting and
effecient electric lighting techniques.

We are available for consulting and training workshops.

Visit us on the web at www.idlbozeman.com

RBRICKS

Powerful Energy Ideas. Delivered by NEEA.

BetterBricks is the commercial building initiative of the Northwest
Energy Efficiency Alliance (NEEA), which is supported by Northwest
electric utilities. Through BetterBricks, NEEA advances ideas to
accelerate energy savings in new and existing commercial buildings.
BetterBricks education & training, online resources and recognition of
industry leaders guide and inspire building professionals to embrace
best practices, improve energy performance an achieve their
sustainability goals. Visit www.BetterBricks.com to connect to these
powerful energy ideas and more.



What is eQUEST?

WHAT IS eQUEST?

eQUEST is a building energy simulation tool based on the older and more widely known energy
analysis program, DOE-2, from the Lawrence Berkeley National Laboratory and James J. Hirsch
and Associates. While DOE-2 was a powerful tool, it was too complicated to be useful to the
entire design team and too time-consuming for it to fit into the budget of most projects.

eQUEST took the brains of DOE-2 and added a graphic user interface, wizards, and industry-
standard defaults. Now eQUEST can be used for anything from basic energy strategizing to
detailed life-cycle costing by anyone from new users to experienced energy modelers.

This training module series focuses on the intuitive side of e QUEST, understanding that not
everyone has the time for or need to create highly detailed building simulations. Some of the
benefits of simple energy modeling include:

e Gain an intuitive understanding of the effects that basic energy-saving variables can have
on a design.

e Study relative cost analysis (i.e. cost #1 vs. cost #2 if x, y, z changes are made) in a short
amount of time.

e Propose new and innovative energy design ideas to skeptical critics.

The Integrated Design Lab—Bozeman has created a series of four modules that teach the basics
and some advanced features of e QUEST. Designed for architects, this module series explains
everything from simple to more complex features, and gives users more tools for the building
profession.

The modules wiill first walk you through the use of the Schematic Design Wizard, a wizard
designed to be used in the earliest stages of designh when little detailed information is known
about the systems of the building. The Energy Efficiency Measure Wizard, a tool for analyzing
multiple options for a model at once, is also covered. An introduction to the Design
Development Wizard follows for when you are prepared for more specific modeling control.
Then eQUEST’s Life-Cycle Cost Analysis features are demonstrated. Finally, an in-depth
explanation of how to perform Parametric Runs and use the Detail Data Edit mode is presented,
providing the user with access to the more advanced features of e QUEST.

For more information concerning eQUEST and a free download, visit: http://www.doe2.com/
equest/.

Created by Integrated Design Lab—Bozeman



Training Module Series €QUEST Module 4

THE TRAINING MODULES

Since eQUEST is a powerful vast computer program, four training modules have been created
for the purposes of teaching eQUEST to the interested user. Each module builds on the
information presented in the previous module and all of the modules include an example at the
end that the user can recreate by following step-by-step instructions. Each module is explained
in more detail below:

e Module 1: Basic Energy Modeling and Comparative Runs
This module gives an overview of some of the very basic functions of eQUEST and
teaches the user how to set up a simple energy model based on schematic design
information. It then explains how to use the EEM Wizard to create multiple scenarios for
portions of the model that can be compared in order to provide the user with data as to
which scenario is the best for the building.

¢ Module 2: Intermediate Energy Modeling
This module teaches the user how to navigate the DD Wizard and create a more
comprehensive energy model for simulations. The module highlights some of the main
features of this wizard and walks the user through creating a model from scratch, as well
as updating a previously created SD model.

e Module 3: Life-Cycle Cost Analysis
This module explains what a Life-Cycle Cost Analysis is and how to perform such an
analysis using e QUEST.

e Module 4: Advanced Energy Modeling and Complex Comparative Runs
This module shows the user how to modify the properties of an energy model to suit the
specific needs of the project. The Detailed Data Edit mode is explored and Parametric
Runs are created in order to perform more specific energy analyses.

www.idlbozeman.com
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Advanced Energy Modeling Executive Summary

EXECUTIVE SUMMARY

eQUEST is a free building energy simulation tool based on the older and more widely known
energy analysis program, DOE-2, from the Lawrence Berkeley National Laboratory and James J.
Hirsch and Associates (JJHA). Although DOE-2 is powerful, it is very complicated and can be
very difficult for the entire design team to use. eQUEST integrates the DOE-2 engine with a
graphic user interface, wizards, and industry-standard defaults, making it a useful design tool for
both beginner and experienced energy modelers.

The Integrated Design Lab Bozeman has created a series of four modules that teach the basics
and some advanced features of eQUEST. Designed for architects, this module series explains
everything from the simplest to the more complex features, and gives users more tools for the
building profession.

Module 4 in the series builds on the previous modules and explores the Detail Edit Mode and
Parametric Runs in eQUEST. It is recommended that you already have a working knowledge of
eQUEST and have read through Modules 1 through 3 before proceeding with this module. The
Detailed Data Edit mode can be used for more advanced energy modeling and this module
explains how to do just that. At the end of this module, the user will be able to create a more
comprehensive energy model of a single building or multiple buildings and simulate different
options to determine the best energy performance options.

ARE YOU USING THE LATEST VERSION OF eQUEST?

On August 25, 2010 JJHA released a new version of e QUEST, eQUEST v. 3.64. This version includes
many program and utility rate updates. If you have not already upgraded to this new version,
do so before beginning this tutorial. To learn more about eQUEST and to download your free
copy, go to: doe2.com/equest.

Some things to ALWAYS keep in mind while working in e QUEST:

e Work in a linear fashion. It is important to note that the DD wizard overall is not
dependent upon sequential modifications. The Detailed Interface does not need to
be completed in a linear fashion; however, within each component you should still try
to input information as linearly as possible because information on earlier screens will
affect model choices on later screens.

e Save frequently. Like any computer program, some newer versions of eQUEST have a
tendency to crash at inconvenient moments. Make sure you are prepared.

e Keep itsimple. There are some details in your building design that will have little or no
impact on energy performance. Leave them out!

e Analyze the results with caution. Always check the reports for numbers that seem
inappropriate under the circumstances. While the computer is a valuable tool, it
does not understand the output it is producing. Use your knowledge to recognize
potential inaccuracies!

e Update your version. New versions of eQUEST come with better help and new
features.

Created by Integrated Design Lab | Bozeman 3
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MODULE TEXT

Detailed Interface €QUEST Module 4

NOTE: This eQUEST Module assumes that the user already has a working knowledge of
eQUEST and is familiar with the concepts and processes outlined in previous eQUEST
modules. Please refer to Module 1, 2, and 3 if you are unfamiliar with any of the material
presented here. All other manuals can be accessed at the following website: http://
www.idlbozeman.com/equest/ For more information, please contact IDL Bozeman (see
the front cover of this module for contact information).

NOTE: The material in this module is not recommended for beginners. Any and all
information can be modified within Detail Edit Mode. It is just easiest to do this through the
Wizards. If the user transverses back to a Wizard, all information modified in the Detail Edit
Mode will be lost and replaced by the previous inputs made in the Wizards. Detailed Edit
Mode will only modify the base model, with parametric runs replacing the EEM Wizard
information.

THE DETAILED INTERFACE

Now that you have mastered the DD Wizard and EEM’s, it is time to explore some advanced
energy modeling in eQUEST. To do this, we will be using the Detail Edit Mode. Detail Edit Mode
should be used after either of the two wizards, when detail about the systems or building
components are needed. For instance, detail edit mode might be used to edit only one of
several walls throughout the building exterior, creating a more accurate model. Each
component of the building is individualized and can be edited independent of the other
components.

In addition to providing you with more modeling flexibility, detail edit mode requires that you
use more caution and take a greater responsibility for your energy model information than you
did with the wizards. Within detail edit mode, you have more control over entering information
about schedules, loads, zones, building construction, and HVAC systems. Consequentially,
eQUEST uses more complex calculation methods within the model than it did in the other
wizard models. So with this greater freedom, comes greater responsibility.

To help accommodate a more complex energy model, the eQUEST detailed interface is
broken up into several categories that can be revisited in any order. This is different than the
process used in either wizard which relies on sequential input in order to build a basic energy
model.

Detail Edit Mode allows you to input or change data regardless of order and independent of
the other building systems and components. However, it is still recommended that you work
linearly in each component. All the information that you provided for either wizard will be kept
as a baseline to add more detail upon, but you will not be allowed to go back into the wizards
to change any information. Therefore, be sure that all the information that was input within the
wizards is accurate to create a baseline.

4 www.idlbozeman.com



Advanced Energy Modeling Detailed interface

The following pages describe how to use many features of the Detail Edit Mode in depth, but
the basic screens and views within the Detail Edit Mode are listed here along with their

respective detailed tab views:

1. Building Shell Module
2-D Geometry
3-D Geometry
Spreadsheet/Tabbed Dialog
Project and Site Module
Spreadsheet/Tabbed Dialog
3. Internal Loads Module
Internal Loads
Spreadsheet/Tabbed Dialog
4. Water-Side HVAC Module
Plant Equipment
Spreadsheet/Tabbed Dialog
5. Air-Side HVAC Module
Air-Side HVAC System
Spreadsheet/Tabbed Dialog
6. Utility and Economics Module
Spreadsheet/Tabbed Dialog

N

Similar to the screens categorized
within the wizards, the Detail Edit
Mode has categorized the
building systems into Modules. To
access any of these modules,
click the desired one from the
module navigation bar near the
top of the screen. Within each
module, there are several ways of
inputting data. These ways
include the Component Tree and
the Detailed Tabs within the
Module. These will be further
described in the following pages.
Pictured below uses the Building
Shell Module as an example to
point out the different
components.

Modules
Paramete 2 D el) ()
File Edit Yiew Mode Tools Help
M= & =N T o
i A=Al ] = ¢S ¢ @ E BEX Firi1 %
Project & Site Building Shell Internal Loads Water-Side HYAC Air-Side HVYAC Utility & Economics

2=l | z-D Geometry l 3-0 Geametry ] Spreadshest ] Summary ]

Project: 'Parameters Test'
[Z Global Parameters

Building Data
- EL1 Ground Flr
+- [ EL1 Top Fir

(22 Fixed shades
|Z2 Building Shades

Component Tree
(vary by Module)

Created by Integrated Design Lab | Bozeman

Detailed Tabs
(vary by Module)
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MODULE TEXT

Changing to Detailed Data Edit Mode €QUEST Module 4

CHANGING FROM WIZARD DATA EDIT TO DETAILED DATA EDIT

To edit the model within Detail Edit Mode, the user must first change into that mode. This is
completed from the menu bar on top, through the Mode tab menu, then select Detailed Data
Edit. A warning message will appear to confirm the change of mode.

(2] Parameters Test.pd? - eQUEST Quick Energy Simulation Tool
File Edit Wiew BAEEEN Tools Help

O = E Maode Help

| % Wizard Daka Edit

i v Detailed Data Edit
Project &KZ_Detaled Data Edt_

=% | 2-D Geometry l 3-0 Geometry ] Spreadshest ] g
Project: 'Parameters Test' A
—|- 2] Global Parameters

Additional Roof Insul R-4.
Glahal Parameter 2

N K ¥ E ¥ G E
I Q11 8 Ot E

’Shell Internal Loads W ater-Side Hy

P Switching to Detailed Data Edit mode will enable you to edit the detailed building description but will cause all EEM wizard information ko be ignored.
-

Select YES bo switch to Detailed Data Edit mode, or
MO ko remain in the Wizard Data Edit mode,

6 www.idlbozeman.com



Advanced Energy Modeling Building Shell Module

BUILDING SHELL MODULE

Upon entering Detailed Edit Mode, the user arrives at the Building Shell Module by default.
Through this module, the user can edit any building shell component. For example, if you have
only one walll that is different than the others, that specific wall can be changed independently
of the others.

2-D Geometry Tab and Component Tree

Project: ‘Module 2 walk through'
(£ Global Parameters
% Building Drata

+ EL1 Ground Fr

+-[C1] EL1 Top Fir

+-[0] ELZ Ground Fir
+-[1] ELZ Top Fir

[Z3 Fixed Shades

(23 Building Shades

[C3 Palygons

(23 Constructions

[C3 Layers

(23 Materials

[C3 Wall Parameters

+- 1] Glass Types

+- 2] Glass Type Codes

L Window Layers

23 Annual Schedules

£ Weekly Schedules

(23 Draily Schedules

+

+

+

3-D Geometry Tab and Component Tree

Changing to the 3-D Geometry Tab is done by clicking on “3D Geometry” tab at the top of the
detailed diagram area. All of the commands to zoom, pan, rotate, and tilt are all the same as
previously done. Please refer to Module 1 for more information about the view commands.

% Project: 'Parameters Test'

+- 2] Global Parameters
g Building Data

+ around Flr

+-[C1] Top Fir

(27 Fixed shades

(23 Building shades

(23 Polygons

(13 Constructions

[ Layers

(23 Materials

(23 wall Parameters

[ Glass Types

[C3 Glass Type Codes

L3 Window Layers

[C3 Annual Schedules

L3 Weekly Schedules

[Z3 Draily Schedules

- [{H--FH-F

+ [+

+]--[F-F

Created by Integrated Design Lab | Bozeman 7
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Building Shell Module €QUEST Module 4

To look at any detail of any object, click on the desired object in 3D solid view. Every building
object that is intersected by the mouse, even the objects hidden behind, will be seen in a pop
up list. The selected object will then become highlighted in the Component Tree while also
appearing a bold red border in 3D View.

The details of the selected component can be viewed two different ways, the spreadsheet
view and the tabbed dialog view.

Tabbed Dialog View

After selecting the desired component to be edited, right click and expand the menu by the
arrow on the right side. Select “Properties” to reveal the details of that component. Within the
properties dialog, the details are broken down into Basic Specifications and Daylighting/
Shading/Other. All the information can be edited here directly, with all the modified
information changing color to become red text.

Currently Active Surface: |East Wall (T.E17 E15) ~|
Basic Specifications ] Davylighting - Shading - Other ]
Surface Name: |East wall (T.E17.E15)
Wall Facing 90° {clockwise from north)
By = = . Parent Space: |East Perim Plnm {T.E17) j
: [I_:_rj SOOLLETR L) Construction:  |EWall Canstruction ~|
: LIZJ Flr (T.E12.127) tiier ,—1
| || cCeiling (G.E2.17)
[1ee] wesst wall (.E7.115)
[10e] west wall (G.E2.16)
E Ceiling I:G.CE.IIS:I Location & Georetry
[IE‘-] Maorth wall (G.51.12) Location: |U1 of Space Polygon ﬂ
m Flr {=.51.101) Polygon: | undefined - j
" 0.00 ft Height: 3.00 f
Reset Camera i 0.00 f wridth: 54.75 ft
Wialls z: 0.00 fe Ti: [ 90.00 deg
Windows Azimuth: | -180.00 deg
Lightirg

8 www.idlbozeman.com



Advanced Energy Modeling Building Shell Module

Spreadsheet View

After selecting an object in the 3D View, click to display the Spreadsheet View Tab. This has all
the details of that component, with the selected object highlighted. Here, any detail can be
modified to create a more detailed model.

i Edt Vew Modn Took e

B ot P 1
S B b s

Surmmary

DSl A S et o vEaRow @
ARl ®E"R .l 1] W Flols
Project & Site Bullding Shell Irtermal Loads Water-Side HVAC Air-Side HVAC miley & Econemics
al¥ | 2.0 Geometry | 3.0 Geometry  Soreadshest |

Extarior wall Hame | Par

wert Space

Loeation

Ground Form
Factoy

Ground | Sky Form

cxth Prrin S (T.H13) Fast Wall G2 £2)
West Peeim Spc (T.W14)
o0 5o (1.£15)

Herth wall (T.N10.017)

| Core P (1.

=[5 )
L Fuoed Shades.

(st Paren S

it Nolivo- AU
R R R

Narth Parim Pl

Reflectance | Factor

3 Bl Thaeks
# (2 Poigens
# [ Construtions
+ 1 Layers
2 Matmrisk
[T — South Wall (T.511.
5 [ s Types 17 |Seuth Wall (T.516.E13)
% 1 Glass Type Codes 15 |West Wall (5 w4 £4] | west Perim Spc
1 window Larers. 15 |West Wall (WU ER) | Wast Barim Bl = T i
* o frrd Schackies 20 |West Wall (T.WIAELZ} |WestPenm Spef = v.00] 300
4 ) Wity Schecies t el — | :
% [ Caly Schedues 21 |Wast Wall (T.W29.L15)  |West Perim Pinen « | o us
‘ »
a Actiong. I Componert Tren |—
]

(9] Parameters Test.pd2 - eQUEST Quick Energy Simulation Tool

File Edit Wiew Mode Tools Help
D= S &7 oo v EDHE
I 8 E B 9118 B ot E BB X 716 %
Project & Site Building Shell Internal Loads Water-Side HYAC Air-Side HVAC Utility & Economics
Mmetry ] 3-D Geometry  Spreadsheet l Surnmary ]
Project: 'Parameters Test'
+|-(1] Global Parameters
g Building Data
+ Graund Flr
= @ Top Flr
+- 1] south Perim Spe (T.511) Exterior Wall Name Parent Space Multiplier ® (ft) ¥ (ft) Z (ft) Height {ft) | width (ft}
+-[I1] East Perim Spe (T.E12)
+- [ Morth Perim Spe (T.M13) 1 |Eastwall (G.EZ.E2) East Perim Spe (C - 1 0.00 0.00 0.00 9.00 4.7
+ @ ‘Wesk Perim Spc (T.W14) 2z |East wall (G.E7.E6) East Perim Plnm { - 1 0.00 0.00 0.00 3.00 54.7
+-[] Care Spe(T.C15) 3 |East wall (T.E1Z.E10} East Perim Spc (T = 1 0,00 0.00 0.00 9,00 54,7
+- [0 Sauth Perim Pinm (T.516) East wall (T.EL7.E15) 1
=[] East Perim Plnm (T.E17) -
5 |Morth wall {G.MN3.E3) Morth Perim Spo (- 1 0.0a 0.o00 o.0o 9.00 54.7
g |Morth wall {G.MNE.E7) Morth Perimn Plnm - 1 0.0a 0.o00 o.0o 3.00 54.7
m M wall (T.E17.143) 7 |Morth wall {T.M13.E11) Morth Perim Spo (- 1 0.0a 0.o00 o.0o 9.00 54.7
Created by Integrated Design Lab | Bozeman 9
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Project and Site Module €QUEST Module 4

PROJECT AND SITE MODULE

From the project and site module, annual, weekly, and daily schedules can be modified to
match the project. The project and site module has only one tab view, which is the
spreadsheet view tab. The detail information can also be viewed in the tabbed dialog view.
Important components to note in this module are the schedules and the global parameters.
Global parameters are presented about later in this e QUEST Module 4.

Tabbed Dialog View
Similar to the shell module, the desired FEElaEEES
component can be selected from the

. . . Parameter Mame Parameter Type Parameter Yalue
component tree. Right clicking the 2 [#dditional Roof Tnsul A-wtumeric Z5000
component will bring up a menu. From this 2 |olobal Parameler 2 Jumeric 22000

3 |Additional Roof Insulation|Mumeric Z.6000

menu, click “Properties” to reveal the details of
that component. All the detail values can
then be edited.

Spreadsheet View
To view the properties in the spreadsheet, the desired component must be selected from the
component tree. After selected the component, the details of that component are visible.

(2] Parameters Test.pd2 - eQUEST Quick Energy Simulation Tool

File Edit Yew Mode Tools Help

= =] S @7 N yED HF

AR ] = RO Ay ¢ @ g aax 71618
Project & Site Building Shell Internal Loads Water-Side HVAC Air-Side HYAC Utility & Economics

=l | Spreadshest l Summary ]

Project: 'Parameters Test'
—|-[3 Global Parameters

Additional Roof Insul R-valu
Global Parameter 2

Additional Roof Insulation
Site Data Parameter Narme Farameter Type Parameter Yalue
(23 Fized Shades 2 |Global Parameter 2 Murneric Z.8000
(232 Simulation Cptions 3 |Additional Roof Insulation|Murneric Z2.8000

e
+-[3 Sirmulation Oukput
+-[3 Annual Schedules
4
4

(23 weekly Schedules
|22 Daily Schedules

10 www.idlbozeman.com



Advanced Energy Modeling Internal Loads Module

INTERNAL LOADS MODULE

The Internal Loads Module is used to set and confirm internal loads. Internal loads deal with
people and equipment. Two examples of elements that can be modified within this module
are defining which spaces are conditioned and defining building HVAC schedules.

Internal Loads View

(3] Parameters Test.pd2 - eQUEST Quick Energy Simulation Tool

File Edit Wiew Mode Tools Help

DSl S @7 s B S
= IR-=AR = =y A AN ¢ &g Ha X 71618
Project & Site Building shell Internal Loads Wrater-Side HYAC Air-Side HYAC Utility & Economics

2|l | 1Internal Loads | Spreadshest ] SUrnmMary ]

Project: 'Parameters Test'
+-[C3 Global Parameters
+ @ Ground Flr
+ @ Top Flr
(23 Residential Dweling Units
(23 Lighting Systems
23 Luminaire Types
(23 Lamp Types
+- (23 Annual Schedules
+- (13 Weekly Schedules
+-[] Daily Schedules

Created by Integrated Design Lab | Bozeman 11
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MODULE TEXT

Internal Loads Module €QUEST Module 4

Tabbed Dialog View

Schedule Properties

ng h t c | Ic k any Of th e Annual Schedules  Week Schedules I Day Schedules ]
components and select _
“« . . . Currently Active Weel: Schedule; |GndCor Doc 1/0 Wl ﬂ Type: Fraction
Properties” to display a tabbed
d|a|Og Of the |nterna| |Oad5 Week Schedule Name: |GndCor’ Occ 1/0 Wl
deta”S Type: |Frac:t|cm Li
Daily Schedule Assignments
Monday: [@ndCor oce 1/0 D1 ~|
Tuesday: [sndcor oee 10 D1 B
Wednesday: | GndCor Oce 1/0 DL ~|
Thursday: [@ndcor oee 1/0 D1 -
. Friday: [sndcor oce 140 D1 =
SpreadSheet View Saturday: [cndcor oee 1/0 D2 |
To view the properties in the Sunday: [Grdcar Ge 170 D2 =
Spreadsheet, the desired Holidays: [cndcor oee 1/0 D2 ~|
Component mUSt be Selected Heating Design Day: IGndCﬂr Occ 1/0 D1 LJ
Cooling Design Day: |GndCﬂr Occ 1/0 D1 j
from the component tree. After
selected the component, the

Done

details of that component are
visible by each pull down menu.

(3] Parameters Test.pd2 - eQUEST Quick Energy Simulation Tool

File Edit Yiew Maode Tools Help

=y = S e o rED T
=IR Ak | 8 xE P12 ¢ a g Bax F161%
Project & Site Building Shell Internal Loads W ater-Side HYAC Air-Side HYAC Utility & Econorics

2= | nternal Loads  Spreadsheet l Surnrmary ]

=

Projeck: 'Parameters Test'
+-(1] Global Parameters
+ @ Ground Flr

+ @ Top Flr

[ TopCor Lbg 1)10 W1
5 TopCor Eqp 140 W1
8 TopPrm Lkg 1/0 W1
8 TopPrm Eqp 1/0 W1
[ Sys1 (PSZ) Fans W1
@ sys1 (PST) Inf W1
8 Dirt Win Wi

+- (] Daily Schedules

12

- library -

GndCor Occ 1/0 D1
GndCor Occ 1/0 D2
GndCor Ltg 140 D1

GndCor Ltg 170 D2

GndCar Eqp 140 D1
GndCor Eqp 1/0 D2
GndPrm Ltg 1/0 D1
GndPrm Ltg 1/0 D2
GndPrm Egp 1/0 D1
GndPrm Egp 1/0 D2
TopCor Ltg 1/0 01

TopCar Ltg 1/0 D2

TopCor Eqp 1/0 D1
TopCor Eqp 1/0 D2
TopPrm Ltg 1/0 D1

TopPrm Ltg 1/0 D2

TopPrm Eqp 1/0 D1

(23 Residential Dwelling Units

(23 Lighting Systems Week Schedule Name | Week Schedule Type Monday Schedule Tuesday Schedule Wednes:

23 Luminaire Types .

3 Lamp Types 1 |GndCor Qo 1/0 Wil Fraction ~ |GndCor Ccc 1/0 D1 GndCor Qoo 10 D1 » |GndCor T
+-(17 annual Schedules 2 |GndCor Ltg 150 w1l Fraction ~ |GndCor Ltg 1/0 D1 GndCor Lkg 170 D1 » |GndCor Lt
=[] Weskly Schedules 3 |GndCor Egp 1/0 Wil Fraction ~ |GndCor Eqp 140 D1 GndCor Egp 140 D1 « |GndCor Ec

{4 GndCor Oce 1/0 w1 4 |GndPrm Ltg 1/0 Wi Fraction ~ |SndPrm Ltg 1/0 DL GndPrm Ltg /0 D1+ |GndPrm Lt
§ g”ggm 'étg 11I,rouv:v11 © |GndPrm Eqp 170 W1 Fraction « |GndPrm Eqp 1/0 D1 GndPrmn Eqp 1/0 DL w |GndPrm Er
ndCor Eqp -
8 GdCor Sys1 Cool 10 W1 & |TopCor Ltg 140 wi Fraction ~ |TopCor Ltg 170 D1 TopCor Ltg 1/0 D1 » |TopCor Lt
8 GndCor Sys1 Heat 1/0 W1 7 |TopCor Eqp 1/0 Wi Fraction v |TopCor Eqp 1/0 D1 TopCor Eqp 1/0 D1 w |TopCor Eq
8 GndCar Sys1 Infil 1/0 W1 g |TopPrm Ltg 1/0 w1l Fraction ~ |TopPrm Ltg 1/0 D1 TopPrm Ltg 1/0 D1  |TopPrm Lt
f# GndPrm Lbg 1/0 W1 9 [TopPrm Eqp 1/0 Wl Fraction ~ |TopPrm Eqp 1/0 D1 TopPrm Egp 170 01« |TopPrm Ec
f## GndPrm Eqp 1)0 w1 10 |Dirt Win WK Fraction 5t in O Dirt Win O ~ | Dirt Win D

TopPrrm Eqp 1/0 02
T — v |
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Advanced Energy Modeling Water Side HVAC Module

WATER SIDE HYAC MODULE
The Water Side HVAC Module is used to review, input, and modify features of the project water
side of the HVAC System.

Plan Equipment View

(2] Parameters Test,pd? - eQUIST Quick Tnérgy Simulation Toal

Fin Edt View Modn Took Help

o =
SN NN NN NN NN NN NNEEEEEEENEEEEE]

i 8 oAl 'R F 4SS »
mal Loads Water-Side HYAL Bir-Side HVAC wsibty & Econamicsm
»
alxl | Plant Equpment | Spreadshert | Summary

N E IS S EEEEEEEEEEEEEEE

&l Actors [§] Component Tren

Feady

3 2N | [ 8 ¢ a g B aX F1061%

Project & Site Building Shell Internal Loads Water-Side HYAC Air-Side HYAC Utility & Economics

2|l=l | Plant Equiprent Spreadsheet] Surmrmary

i Project: 'Parameters Test'
1 Global Parameters
O chilled Water Loop
o Hot: Water Loop
€% DHw Plant 1 Loop (1)

F]- [ [ - [ [

1 Fuel Meters

] Steamn Meters

] CHW Meters

] Electric Generators
L] Heat Exchangers
L] Equipment Controls
1 Load Management
] Air-Side Syskem(s)
(L] Thermal Zone(s)
3 annual schedules
3 weekly Schedules
] Daily Schedules

- ][ [
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MODULE TEXT

Water Side HVAC Module €QUEST Module 4

Performance Curve Properties

Tabbed Dialog View
nght click any of the Components Currently Active Curve: | DWi-Gas-Pilotless-HIRPLR =] Type: quadrstic
and select “Properties” to display | sase spesfieations | pata points

a tabbed dialog of the internal
loads details.

Curve Name: |DW-Gas-Pllot\ess-HIR-fPLR

Curve Type: |Quadratic - Minimum Cutput: -1,000,000.00
Input Type: Curve Coefficients - Maxirnurn Qutput: 1,000,000.00
Curve Formula:  Z = a + b¥ + ck®

Where: a= 0.00000000 b= | 0.99945706 c= 0.00054300

Done

Spreadsheet View
To view the properties in the spreadsheet, the desired component must be selected from the
component tree. After selected the component, the details of that component are visible.

(9] Parameters Test.pd2 - eQUEST Quick Energy Simulation Tool

File Edit Wew Mode Tools Help

== e &7 =W % &
&% il = NN Ak AN AN IRE 28X Fl61%
Project & Site Building Shell Internal Loads Water-Side HYAC Air-Side HVYAC Utility & Economics
2%l | Plant Equiprment  Spreadsheet l Summary ]
Project: 'Parameters Test'
(22 Glabal Parameters
+-{0) Chilled water Loop
+ 0 Hot Water Loop
+-{8) DHW Plant 1 Loop (1) -
—1-[Z] Performance Curves Curve Fit Mame Curve Fit Type Input Type Minimurn Qutput Bl QUi Coeffic
|/ Pump-Head-FFlow . —
Z Pump-Power-FFlow 1 |Pump-Head-fFlow Quadratic + |Curve Coefficient | -1,000,000.00 1,000,000.00 1.35
.L’ Recipdir-Cap-FCHWT&DBT 2 |Pump-Power-fFlow Quadratic - | Curve Coefficient - -1,000,000.00 1,000,000.00 0.36
/_" RecipAir-EIR-FCHWT&DET 3 |atmospheric-Blr-HIR-fl Quadratic » | Curve Coefficient - -1,000,000.00 1,000,000.00 0.0z
L/ RECiPAir'EI_R'FPLR'ZCD"“P-"CI‘ 4 |variable Speed Drive |Quadratic w | Curve Coefficient = 0.10 1.00 0.21
L2 atmospheric-Bl-HIR-FPLR 5 |Large-CHW-Bypass—A Quadratic +|Curve Cosfficient »| -1,000,000.00]  1,000,000.00/ 0,39
Z ‘ariable Speed Drive FPLR - —
z Large-CHW-Coil-Cap-FEWER] & |Furnace-HIR-fPLR Quadratic + | Curve Coefficient -1,000,000,00 1,000,000.00 0.01
|7 Large-CHw-Sens-Cap-FEWEE 7 |Hw-Coil-Cap-fFluidFloy Quadratic ¥ |Curve Coefficient » | -1,000,000.00 1,000,000.00 0.15
Large-CHW-Bypass-FairFlow 3 |SHW-Coil-Cap-fairFlof Quadratic ~ | Curve Coefficient « -1,000,000.00 1,000,000.00 0.04
L/ Large-CHw-Coil-Bypass-FEw 9 |CHW-Coil-Cap-fFluidFl| Guadratic w |Curve Coefficient | -1,000,000.00 1,000,000.00 0.21
éz"'flngce'“mjp'f oL 10 |HW-Coil-Cap-fairFlow | Quadratic «|Curve Coefficient | -1,000,000.00]  1,000,000.00]  0.28
il 355-Factor-| n .
Wi HW-CEE—Cap-FFIuidFIow 11 |DW-Gas-Pilotless-HIR [ ~ |Curve Coefficient » | -1,000,000.00 1,000,000.00 0.00
|/ CHw-Cail-Cap-FEWBREWT Linear
p . Bi-Linear
|/ CHw-Coil-Cap-FairFlow
Z CHW-Coil-Cap-fFiuidFlow Bi-Quadratic
|/ Hw-Coil-Cap-FdT Cubic
|7 Hw-Coil-Cap-FéirFlow g"'-'c'l“ei.r n TT
; uadratic in
|/ D-Gas-Piotless-HIR-FPLR Bi-ouadraticin T
+ (1 Electric Meters Bi-Quadratic in dT&T
+-[1] Fuel Meters Quadratic in dT
(22 Steam Meters Bi-Quadratic in Ratio & T
[ CHwW Meters Cubicin T )
X Bi-Quadratic in T & Ratio
(2 Electric Generators Bi-Quadratic in Ratio & DT
(23 Heat Exchangers
(23 Equipment Controls
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Advanced Energy Modeling Air Side HVAC Module

AIR SIDE HYAC MODULE
The Air Side HVAC Module is used to review, input, and modify features of the project air side.

Plan Equipment View

(2] Parameters Test,pd? - eQUIST Quick Tnérgy Simulatian Toal

Fle Edt View Mode Took Hel

D& & £V vamew @

R NN RN NN NN NN NN NN NN NN NN NN NS NN EEEEAEEEEEEEEEEEER
Rl I 2] 8 ¢ a W Womox Flhls 5
Project & Site Building Shell Internal Loads Watar-Side HYAC Alr-Side HYAC Ueikiey & Econemics =

alxl | Air-Side WWAC System | Spreadsheet :

[0 Praect: Paramsters Test

Plgd Single Zone

e

CEEEERENERNNRRERRRNRRRRRRERNRNEND™
oo el ayul ol

& aetorn [] Componert Tres

Eaady

5 e =N Q198 3 o dE

Project & Site Building Shell Internal Loads Water-Side HYAC

B8 x

Air-Side HYAC

F161%8

Utility & Econormics

> Air-Side HYAC Systemn l Spreadsheet ] Surmrnary ]

Project: ‘Parameters Test'
+-Z] Global Parameters

+ 2% Sys1 (PST) (G.51)

+. 2% Sys1 (PST) (G.EZ)

+- 2% Sys1 (PSZ) (G.M3E)

+- 2% Sys1 (PSZ) (G.W4)

+- 2% Sys1 (PSZ)(G,CS)
+-2 Sys1 (PSZ)(T.S11)

+ = Sys1 (PSZ)(T.ELZ)

+ 5% Sys1 (PSZ(T.M13)

+- 5 Sys1 (PSZ(T.W14) y M
+- 5% Sys1 (PST) (T.C15) -~ ]
+-[_] Perfarmance Curves .

I i
(23 Performance Data ) ) Hide Zone &ssignments

(2 Electric Maters

[ Fuel Meters Hide Zone Features

22 annual Schedules . .
23 weeky schedules Hide Zone Locations

(2 Daily Schedules

Pkgd Single Zone

+- [ - -

Zone Features
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MODULE TEXT

Air Side HVCAC Module €QUEST Module 4

Tabbed Dla|0g VleW .AirrSide HVAC System Parameters E‘E‘
R|g ht click any of the Currently Active System: [ELL Sysi (UAvS) (G) =] Systarn Typss Varisble Air volums
com p onents and Basics | Fans | outdoor Air | Cooling | Heating | Preconditioner | Meters | Refrigeration
[ iac”? System Name: [ELL Sysl (WAVE) (G) Duct Losses
Sd?;‘e);ty prgperilgi)betg System Typsi |Variable Air volume - Duct Air Loss: ratio
n/a B
d|a|og of the internal General Parametars - n/a
. Return Air Path:  |Duct - nfa -
loads details. = = Supply Duct UA: [ Bt
System Reports: |Tes ~ Duct Delta T: °F (deka)
nia - Return Duck UA: Bruh-<F
n/a - /a

System Sizing néa

Sizing Ratio: m ratio Hurnidity Control
Sizing Option;  |Nen Coincident _+] Maximum Humidity: | 1000 =%
Minirnurn Hurnidity: 0.0 %
nsa -
n/a -

Spreadsheet View
To view the properties in the spreadsheet, the desired component must be selected from the
component tree. After selected the component, the details of that component are visible.

(3] Parameters Test. pd2 - eQUEST Quick Energy Simulation Tool

File Edit view Mode Tools Help
D= S € 7 = gl
AR AR 8 & ? M VAl IRE B x 71618

Project & Site Building Shell Internal Loads Water-Side HYAC Air-Side HYAC Utility & Economics

2=l | air-side HYAC Systern Spreadshest l Surnrmary ]

Projeck: 'Parameters Test'
(23 Global Parameters

+ ;3:1 EL1 Svsl (¥AWS) (GE) Display Made: |Basic Specifications j

+ o EL1 Sys1 (YAWS) (T)

o

(23 Performance Curves - -

(23 Petformance Data HYAC Systern Namne HYAC System Type Cual Duct | Cool Capacity (Cool SH Capacity CH
+- ([ Electric Meters Type {Btush) (Btu/h)
[ Fuel Meters 1 |EL1 Swsl {WAYS) (G) Yariable air Yalume » [nfa Chilled W
+- [0 Annual Schedules 2 [EL1 Sysl (MAVS)(T) ' ariable Air Yolume nia Chilled e
+- (] Weekly Schedules Fkgd Single Zone ~
+-[(3 Daily Schedules Pkagd Multizone

Plkagd war vol

Plkagd Var Yal Var Termp
Plgd Terminal AC
Water Loop HP

Single Zone Reheat

Y ariable &ir Yolurme
Reheat Fan System
Dual Duct

Multi-Zone

Powered Induction Unit
Fan Coil

Induction Unit

Unit Yentilatar

Unit Heater

Heating / Ventilating Svys
Evaporative Cool

Residential System 2

Res War Yol War Temp v
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Advanced Energy Modeling Utility and Economics Module

UTILITY AND ECONOMICS MODULE

The Utility and Economics Module is used to review, input, and modify features of utility rates
and life-cycle costs. Here, users can input a specific utility schedule that is not defined through
eQUEST.

Block Charge Properties P.’_|F|
Tabbed Dlalog VIeW Currently Active Block Charge: [NWL-GSL0G-1-SechDem-Sm-block 7|
Similar to the other modules, the desired | " |ses | sz | moss | s | ocs |
Component can be Selected from the Block Charge Name: | NWE-GSEDS-1-SechDem-Sm-Block
component tree. Right clicking the component _
o H . . Energy Block Format: | ITncremmntal =l
will bring up a menu. From this menu, click| wusmewe o 3
“Properties” to reveal the details of that e -
component. All the detail values can then be B
H Ratchets Assigned To This Block

edited. s -

2 [-undetned - =]

.’:,ﬁ

ai [ endefined =

g [Fundetned - =]

Examine Ratchels,..

Spreadsheet View
To view the properties in the spreadsheet, the desired component must be selected from the
component tree. After selected the component, the details of that component are visible.

(2] Parameters Test.pd2 - eQUEST Quick Energy Simulation Tool
File Edit Wiew Mode Tools Help

= =] BRR S &7 NI ST <

=AR-E | 8= QI3 ¢ g g8 2R X 7161%
Project & Site Building Shell Internal Loads Water-Side HWAC Air-Side HYAC Utility & Economics
O —
=l

x| spreadshest I Summary I

Project: 'Parameters Test'
(22 Global Parameters

+- [ Utility Rates Display Mode: |BIOc:I-< Charge - General

+-23 Block Charges
(2 Ratchets

T MASTER-METERS 1 Block Charge Name | Eeray Block Block Schedule | Scheduls | ToU Season Link | TOU Season Link | Bemand
+- (1] Electric Meters IFEiESE Flag Value (1) (2) (#:

+1- (3 Fuel Meters NWE-GSEDS-1-SechD|Incremental » |- undefined - - nfa|- undefined - |- undefined - |- undefine:
(2 Steam Meters NWE-D-GSG-1-NRGas|pl=g=ln =i
(23 CHW Meters
$ Baseline Data
(22 Photovaltaic Modules
|23 Electric Generatars
(23 Central Plant Component Costs
123 other Buiding Component Costs
+-[23 #nnual Schedules
+-[2] Weekly Schedules
+)-[] Daily Schedules

[

- undefined - - n/al- undefined - ¥ |- undefined - ~ |- undefine:

ra
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MODULE TEXT

Building Description Language €QUEST Module 4

Building Description Language

Building Description Language (BDL) is the computer input language structure of the DOE-2
computation engine. BDL consists of a comprehensive list of commands and keywords that de-
scribe building construction, occupancy schedules, lighting schedules, etc. (See example be-
low). Fortunately, eQuest allows the user to create a DOE-2 input file without needing to know
BDL.

As mentioned in the Executive Summary of this manual, eQuest integrates the DOE-2 engine
with a graphic user interface and wizards that make it a useful design tool for both beginning
and experienced energy modelers. Experienced BDL users can go directly to the input file cre-
ated by eQuest (.inp) and directly edit that file with a text editor. This manual does not go into
the nuances of BDL. To learn more about direct BDL editing we recommend that you consult
DOE-2 manuals Volume 2: DOE- 2.2 Language Directory and Volume 3: DOE 2.2 Building Energy
Use and Cost Analysis Program. These manuals can be found at the DOE-2 website
(doe2.com) and at the Integrated Design Lab website (idlbozeman.com).

Materials / Lavers / Constructions

A i 4

= |

EL1 EWall Cons Mat 2 (15.03)" = MATERTAL
TYFPE = RESISTANCE
BEESISTANCE 15.05

"ELl Roof Conz Mat 4 (31.43)" = MATERIAL
TYPE = RESISTANCE
EESISTANCE 31.45

"EL]1 IWall Cons Mat
TYFE
BEESISTANCE

(0.91)" = MATERIAL
RESISTRNCE
0.91

e

"ELZ EWall Cons Mat
TYPE

(16.34)" = MATERIAL
RESISTANCE

I b

BEESISTANCE = 16.34

"ELZ Roof Cons Mat 4 (2.8)" = MATERTAL
TYPE = RESISTANCE
EESISTANCE = 2.8

"EL1l UFMat (G.1.U2.M1)" = MATERTIAL
TYPE RESTSTANCE
EESISTANCE 13.581

"ELZ UFMat (5.51.02.M1)" = MATERIAL

TYPE = RESISTANCE
EESISTANCE = 12.1238

"ELZ UFMat (G.EZ2.U3.M1)" = MATERIAL
TYPE = RESISTANCE
EESISTANCE = 7.83081
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Advanced Energy Modeling Creating Parametric Runs

PARAMETRIC RUNS

Parametric runs provide a secondary means to define and run multiple, alternative simulation
cases, where each new case is a parametric variation of the base case. Although similar to
EEM runs, Parametric Runs modify the base building as defined in the Detailed Interface, rather
than the SD or DD Wizard. In general, Parametric Runs are more detailed and flexible than the
EEM Wizard, but require more insight and steps to define.

NOTE: The only changes that can be made are changes to the attributes of the existing
building components. No components may be created using Parametric Runs.

CREATING PARAMETRIC RUNS

Making Parametric Runs involves up to 6 steps, depending on the users preferred approach.
The first approach requires that global parameters be defined. The second approach defines
parametric runs and components which reference BDL commands and keywords directly,
instead of requiring global parameters to be user defined. The use of global parameters is
recommended when the parameter is a numeric value. The flow diagram is presented below.

STEP 1 Define Global Parameters

STEP 2 Assigning Global Parameters

STEP 3 Defining Parametric Runs

STEP 4 Defining Parametric Components
STEP 5 Run Parametric Simulations

STEP 6 Analyze Parametric Simulation Results

Qptional
1 Define Global : 3 Define __ | 5 Simulated your
Parameters Parametric Runs Parametric Runs
2 Assign Global 4 Define one or 6 Analyze your
= Parameters to - more Parametric - results using
define the attributes Components for each the Parametric
of selected model Parametric Run Reports

Created by Integrated Design Lab | Bozeman 19
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MODULE TEXT

Creating Parametric Runs €QUEST Module 4

Examples of runs made using Parametric Runs are as follows:

Altering the efficiency, static pressure, head, operating temperature, performance,
curve, or other property of an HVAC system.

Altering the solar/optical properties of a user-defined glass type.

Changing the assignment of glass types to any or all windows (the glass type must have
been previously searched and defined from the library).

Altering the insulation levels in the walls or roofs.

Altering the lighting power density in one or more spaces.

Altering the orientation of the building, enabling automatic daylighting controls.

Altering the schedule of operations for lights, people, and equipment.

Altering the geometry (for example, dimensions or placements) of walls, roofs, buildings
shades, etc.

Examples of runs that cannot be made using Parametric Runs are as follows:

Comparing rooftop systems versus built-up systems. If the rooftop system were the base
case, defining the built-up case would require that circulation loops, pumps, and
primary equipment be crated. This cannot currently be done using Parametric
Runs. Instead, save the file as a different, unique name to manually create the built-
up roof and separately run the two cases.

Changing HVAC system TYPEs using “Parameters”. No DOE-2 DL “TYPE” keyword may
be changed using Parameters. Instead, define Parametric Runs that directly
reference BDL command/keywords. See the following pages and example for
more information on BDL command keywords.

Installing skylights not included in the base case. To create a Parametric Run involving
skylights, define them all within the base case, but dimension them to be of
infinitesimal size. For the alternative run, “with skylights”, simply increase the
dimensions to the desired size. Remember that a parameter must be defined in the
base model before it can be modified and analyzed through parametric runs.

Installing building shades not included in the base case. This is the same situation as
described with the skylights above. Before going into Detail Data Edit, include all
the desired building shades within the model, but dimension the size to be
infinitesimal height. For the alternative run, simply increase the height to the desired
dimension. Note that DOE-2 considers Fins and Overhangs to be properties of each
window, thus these can be added without the trick of using infinitesimal dimensions.

Making parametric runs that involve retrieving items from the BDL Library or from the
User Library. Be sure to retrieve all desired objects while in the base case, then alter
the assignment references to them in the parametric runs. This technique will work
for all objects that are permitted to be unused/unassigned during a simulation.
Examples of objects that can be unassigned during a simulation include: opaque
constructions, glass types, schedules, and polygons. Examples of objects that
cannot remain unassigned during a simulation include: spaces and zones, HVAC
systems, and primary equipment (loops, pumps, chillers, boiler, etc.)

In this Module series, we will not be getting into the detail of BDL (Building Description
Language). We will explore creating parameters with numeric values only. If the user would
like to get more in depth with Parametric Runs, please see other manuals such as eQUEST’s
Introductory Tutorial and the Language Dictionary located in eQuest manual Volume 2: DOE-
2.2. Another resource is the Help menu within eQuest. Section 5 is dedicated to Parametric
Runs in the Modeling Procedures Quick Reference guide. This Modeling Procedures Quick
Reference guides you through a few different scenarios based on their baseline model.
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Advanced Energy Modeling Parametric Runs: Step 1

STEP 1: DEFINE GLOBAL PARAMETERS

As mentioned previously, the use of global parameters is optional, but recommended when
the parameter is a numeric quantity. Also, remember that a parametric value must exist in the
base model before it can be changed under Parametric Runs.

To start, confirm that the mode is set to “Detailed Data Edit.”

(3] Module 2 Walk-Thru.pd? - eQUEST Quick Energy Simulation Too
File Edit Wiew | Mode Tools Help

|0 | _ Modereb EY- =R
| 5 o padilatl | Q1
| Project & - Shell Internal L

2-0 Geometry I 3-0 G

Building Creation
Wizard

Energy Efficiency
Measure Wizard

To define a Global Parameter right click on Global Parameters in the Component Tree. Then
the Create Parameter box will appear. Select Create Global Parameter.

(2] Module 2 Walk-Thrupd2 - eQUEST Quick Energy Simulation
Fil= Edit Wiew Mode Tools Help

[DE@ =R 8 &2 o@D
J 2w 8 = | QL

Project & Site Building Shell Intern:

=] = 2-0 Geometry

@ Praoject: 'Module 2 Walk-Thru'
R | Global Paramsters reate lobal Parameter
o Building Data

EI% EL1 Ground Flr
i m-[E] EL1 Sauth Perim Spe (G517

&#1-{50] EL1 East Perim Spe (G.E2)
-[E1] EL1 Morth Perim Spc (6, M3)
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MODULE TEXT

Parametric Runs: Step 1 €QUEST Module 4

At the “Create Parameter” dialog box, name the parameter, define the parameter type (a
numeric value is used in our example), and specify the parameter value.

In the Parameter Name field, type in the desired name (32 characters maximum). It is
recommended to copy the name (Ctrl + C) for ease in Step 2. If the name could not be
copied, it can be entered manually when needed in Step 2, but it must be replicated exactly
how it was created with the same capitalization, spacing, and any short cut names spelling.
Select “Numeric Value” under the Parameter Type pull down option menu. Enter the unit of
the parameter in the Parameter Value field. For example, if dealing with roof insulation, enter
the R-value of the parameter that you wish to simulate.

Create Parameter, r5_<|

Pararmeter Mame:

Parameter Type: |Numeri|: Yalue j

FPararmeter Value; |2-3

" Cancel |

After you press “OK”, the Global Parameters dialog is displayed and the parameter is added to
the Component tree under the Global Parameters heading. To edit any global parameter
double click it on the component tree.

Global Parameters

Pararneter Marme Pararneter Type Parameter Yalue
1 [Aadditional Roof Insul R-Y4dMumeric Z.8000

22 www.idlbozeman.com



Advanced Energy Modeling Parametric Runs: Step 2

STEP 2: ASSIGNING GLOBAL PARAMETERS

Having DEFINED a global parameter, you must also ASSIGN the parameter to a selected BDL
keyword. In this example, the global parameter will be assigned to the roof layers description,
in order to specify the amount of additional insulation included in the roof construction.

To do so, double click on the desired component in the Component Tree. In this example,
double click the Roof Construction Layer . This will display the Construction Layers Properties
dialog box. (Depending on what component you are selecting either the Surface
Construction, Layers, and Material Properties; Space Properties; Glass Type Properties, or
Schedule Properties dialog will appear. Note: In the Layers tab the items under Material Name
list are in order from outside material to inside material).

PR et i e

- Surface Construction, Li d Material Properti [Z)%
@ Cellg Cl:lnstrul:t":ln uriace Lonstruction, Layers, ani iaterial Froperhes | Ea
L . Construgtion  Layers | Material |
&2 1wall Construckion
P . Currently Active Layers: |Roof Cons Layers =
&2 1FIr Construction
&2 UFCons (G,51.12) Layers: [rosfeams tavers
@ UFCans {G.CE.UEI} Inside Film Resistance (R-val): 0,630
D La.:ll.er-s Materisl Layers (ordered from outside to inside):
o // il e TR | b | Game | S | o-rervee
0 Ewa" Cl:lns La':'llers / 1 |Bi-Up Roof 3/8in (BROL) - 0.031 0.09339 70.00 0.350 n'a
[ o E e | oo Palyurethane 3in (IN46) - 0.250 0.0133 150 0.350 nia
:?I Roof Cons La VElS 2 P\y:wd S/8in (PWi04) = 0.052 0.0867 34.00 0.290 /s
g Ceilg Cons Lavers : Roof Cons Mat 4 (2.8) - :;: s a a 2 800
IFlF Cons Lavers s = e
7 - nfa
&7 UFLyrs (G.51.102) 0 S —
&7 UFLyrs (G.C5.U6) 1o [ 7
-2 Materials
&2 Ewall Cons Mak 2 (5.6)
&7 roof Cons Mat 4 (2.8)
NeXt! SeleCt the Materla'ls tab' Surface Construction, Layers, and Material P:uperties
Construction | Layers Material
From the Currently Active BU|Id|ng Currently Active Building Material: |[Roof Cans Mat 4 (2.8) jme
. . - create -
Material field select the component el oz o
you want to modify from the pull down Wterial EFMSE’;;%(;&%&
4 . ) o S/8in
list. In this example, we wil be s.:amﬁcé:;;ég.ifz?.? s
modifying Roof Cons Mat 4. N i i

AcousTile 1/2in (AC02)
Resis|Cone HW 140b 6in (HF-C13)

Linaleumn Tile (LTO1}

Light Soil, Damp 12in
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MODULE TEXT

Parametric Runs:; Step 2 €QUEST Module 4

Next, right click on the “Resistance” input field and select “Edit/ View User Expression”. This
displays the User Input Expression dialog (shown in lower screenshot) into this initially blank space.

Surface Construction, Layers, and Material Properties

Construction } Layers  Material I

Currently Adtive Building Material: |Roof Cons Mat4 (2.8) =] Type: Resistance

Material: |Roof Cons Mat 4 (2.8)

Specification Method:  |Resistance -

Material Properties:

Item Help 3 EWERE  hefre-oF bty
Topic Help 3

Tutorials and Reference L4

iew DefaultfRange...

Done

The User Input Expression dialog box will appear. Type parameter followed by an open and
closed parenthesis. Inside the parenthesis, hit Ctrl + V to paste in the name of the global
parameter copied in the previous step. If the name was not copied previously, type the exact
name in this dialog box. The name must match exactly, with the same capitalization and any
short cut names for the components. After the component name is input, confirm that it
matches to the previous name and then press OK.

urface Construction, Layers, and Material Properties _"iﬂ
Construction | Layers  Material I
Currantly Active Building Material: |[Roof Cons Mat 4 (2.8) | Type: Resistance
User Input Expression @

User Input Expression for Material ‘Roof Cons Mat 4 (2.8)', RESISTANCE:

[parzmeter ("Additional Roof Insul R-Value'|

‘ Cancel

=,

Confirm that the value now reads ,as the value input for the parameter. In this example, the
value should read 2.8, the value of the global parameter defined previously. This dialog box
can now be closed when all the correct information is input, click DONE.

Note that the font indicates that the input value is derived from an expression. In this
case, assigning a global parameter to the input.
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Advanced Energy Modeling Parametric Runs: Step 3

STEP 3: DEFINING PARAMETRIC RUNS

Once the global parameters have been defined and assigned we can create a Parametric
Run.

In the Tools menu select Parametric Runs from the drop down list. The Parametric Run Definition
box will open where you will select Create Parametric Run. STEP FOUR will take you through the
next tasks.

[9] Parameters Test.pd2 - eQUEST Quick Energy Simulation Ti
File Edit View Mode [SEEEN Help

Parametric Run Definitions

DEE £N Schematic Design Wizard Existing Parametric Runs
[\ Design Development Wizard
1520 Conwert SD Wizard to DD Wizard. ..

Preject & Site | 30 rem run Wizard...
Reevaluate All Companents. ..

E Project: 'Parameters & Check Building Description

=~ Global Parsmeter gy ality Control Reporting...

Additional Re
Global Parar S —
additional (e S
% Building Data
=1-15l] Ground Fir Petform Smulstion
-] South Perim |
- [] East Perim 5p
e [ iorth Perim ¢ 3 Perform Savings By Design Analysis
) [1] west Perim = I Perform Skylight Parametric Analysis
- [=1] Core Spe (G,
- [=1] South Perim |
- [1] East Perim Pl
) [1] Morth Perim £
[ West PerimF Visw Simulation Output...
[ corePiom (G vy Fils Locations 4
=-{c1] Top Fir
=[] South Perim |
) [1] East Perim 5
) [1] Morth Perim ¢
) [1] west Perim =
= @ Core Spc (T Reinit Wizard Screen Data
+ @ South Perim | Reinit DOE-2 Property Dialogs
- [1] East Perim Pl
) [1] Morth Perim
) [1] et Perim Plnm (T.w19}
- [=1] Core Pinm (T.C20)

DEER Analysis 4

Import Windowe/S Report File, .

KT create Parametric Run

Reeinit Air System Diagrams

Rename the first parametric run. In this example, “Roof Insul (R18 to 39)” is used.

Parametric Run Definitions E|
Existing Parametric Runs Q
Label: |1 e: |Roof Insulation (R 18 to 39) >
B 1-Run#1
Run Based On: |Basa|ine Run j

[ Run Based On Separate Building Description (DOE-2 BOL JINP file)

| -]

Create Pararmetric Run |

Create Parametric Component ‘

Delete Selected Item ‘ Grid View Done
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Parametric Runs: Step 4 €QUEST Module 4

STEP 4: DEFINING PARAMETRIC COMPONENTS

Once the Parametric Run is created, the parametric components can be defined. This alters
what the variable within the parametric is. First click Create Parametric Component in the
lower left corner of the Parametric Run Definitions dialog.

Parametric Run Definitions

Existing Parametric Runs

Mame: Add R-21 Insul
FIE 1 - Roof Insulation (R 15 to 39) 1 |
B Add R-21 Insul g Type: |BDL Command j
e Component Type: |G|oba| Parameter j W Sort Component Type
e Global Pararneter Type: |Numeric j
6 References: M Additional Roof Insul R-Walue
[]Global Parameter 2

[ JAdditional Roof Insulation

Select all
Clear all

Data Modifications:

Keyword IVaIue

Mumeric ©|21

Create Parametric Run |

\ Create Parametric Component |

e —
Delete Selected Item | [~ Display DOE-2 BDL Keyword Grid View ‘;
——

=

Name. Name the parametric (32 character maximum).

Type. Select “BDL Command” .

3. Component Type. Select “Global Parameter.” Note that the only component types that
appear on this list are components found in the base model. (If global parameters had not
yet been defined, “Global Parameters” would not have been on the list.)

4. Global Parameter Type. Choose either Symbolic or Numeric. In this example we choose
Numeric.

5. References. This window lists the components of the type indicated. Place a check in the
box next to the corresponding component. In this example, place a check mark on
“Additional Roof Insul R-Value”.

6. Value. Change the base case parameter. In this example, we changed the R-value from

2.8to 21.

N

Press Done.

More parametric runs may be created at this point in the process. After all the desired
parametric runs are created for the model, they may all be simulated at one time.
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STEP 5: RUN PARAMETRIC SIMULATIONS

To perform a simulation click on the calculator button on the tool bar at the top of the Detailed
Interface Screen and the Parametric Run Selection dialog will appear.

(2] Parameters Test.pd2 - eQUEST Quick Energy Simulation Tool Parametric Run Selection &|
File Edit Vew Mode Taools Help S
DEd S &7 @ o] Parametric Runs:
WBaseline Place a check next to each
= W1 - Roof Insulation (R 18 to 3¢ Parametric run you would
EAE-AE ] = IEN | 7173 L4l = ¢ like to have simulated.

Project & Site Building Shell Internal Loads W ater-:

2lx| | 2-D Geametry I 3-0 Geometry ] Spreadsh
Project: 'Parameters Test' ~
- 1] Global Parameters

Additional Roof Insul R-
Global Parameter 2

Additional Roof Insulatior
% Building Data
= Ground Flr
+-[I51] Soukh Perim Spe (.51

+ @ East Perim Spc (G.E2)
+ @ Morth Perim Spc (G N3)
= . :

G==)
——
Select Al Select None Cancel

From the runs that you have created, select the desired runs that you would like to simulate. If
you do not select all of the runs the Parametric Runs reports will not be fully populated. Click
Simulate after all the desired runs are selected. You will then be prompted to save your
project.

A series of Simulation Progress dialogs will appear while eQUEST is calculating the results. When
the runs are calculated the Simulation(s) Complete dialog will appear. Here, select “View
Summary Results/Reports”. This will navigate the user into the Results module.

Simulation(s) Complete &

2 Runis) Completed Successfully

Return to the Input Building Description |
/ \

<@Summar3r Resultsfﬂepnrts)d)

Wiew Detailed Simmulation Qutput File.., |
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Parametric Runs: Step 6 €QUEST Module 4

STEP 6. ANALYZE PARAMETRIC SIMULATION RESULTS

After selecting the “View Summary Results/Reports”, the user will be navigated to the Results
module. You may also navigate into the Results module at any time by clicking on the Results
Module button on the tool bar at the top of the Detailed Interface screen.

(2] Parameters Test.pd2 - eQUEST Quick Energy Simulation Tool

File Edt Wiew Mode Tools Help

bDeEd S &7 b~ L
@R 8 [H [ ALY &
Project & Site Building Shell Internal Loads Wate

2= | 2-p Geometry | 3.0 Geometry | Spread

Project: 'Parameters Test' ~
-2 Global Parameters
Additional Roof Insul R-Y.
Global Parameter 2
Additional Roof Insulatior
g Eilding Data
= Ground Fir
+ @ South Perim Spe (G.51)

+ @ East Perim Spe {G.E2)
+ @ Morth Perim Spe (G.N3)
= . :

—1-{z] Comparison Reports Access to the individual reports can be done by selecting

Ml:nnthly Total Energy Consur the Reports tab at the lower left corner of the Results

Annual Utility Bils by Rate module screen. In this report tree, all the single run reports

Monthhy Uty Bils are listed as well as the parametric run comparisons. To

Annual Energy by Enduse view the comparisons, select on of the files under the

Arnual Electric Use by Run a “Parametric Run Reports” folder.

Life-Cyele Costs Summary

Life-Cvele Savings Graph Two informative reports are the Annual Building Summary

Life-Cycle Savings Comparise and the Annual Enduse Summary. From the Reports “tree”
-1-[_] single-Run Reports select Annual Building Summary report or the Annual

Manthly Energy Consurmption Enduse Summary report.

annual Energy Consurnpkion
Manthly Utility Bills - All Rate:
Maonthly Peak Demand by Er
annual Peak. emand by End

i ay Lo
Parametric Run Reports
annual Building Surnmary (2 |
Annual Enduse Summary (4

Projects | Runs J
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The parametric report format provides a powerful quality control opportunity. By reporting the
incremental and cumulative savings for each run, by enduse, the impacts of each run on each
enduse can be closely looked at. A summary of the parametric comparison report is shown
below (scaled down in size).

When comparing two or more runs, percentages and Life Cycle Cost analysis (LCC) are

valuable information to compare. This leads you to a designh decision that influences the initial
cost of the building as well as the life cycle cost.

Annual Energy

Ann, Source Ener Annual Site Ener Lightin HWAC Enet Peak
and Demand (pg 1 of 2) = » it - 4 -
Total EUI Elect Mat Gas Electric Electric MNat Gas Total Elect Cooling
Mbtu kBtufsfiyr lkwh Therms k'wh k'wh Therms Mbtu I Tons
Annual Energy USE or DEMAND
[u] Base Design 766 127.78 55,662 1,962 16,438 16,435 1,854 241 34 16
1 0+Roof Insulation (R 18 to 39} 761 126.86 55,680 1,905 16,438 16,454 1,797 236 Shr 16
Incremental SAVINGS ({values are relative to previous measure { % savings are relative to base case use), negative entries indicate increased use)
1 0+Roof Insulation (R 18 to 39) 5] 0.92 (1%) -19 (-0%) 97 (3%) 0 (0% -19 (-0%) 97 (3%) G (2%) 0 (1%) -0 (-0%)
Cumulative SAVINGS (values {and % savings) are relative to the Base Case, negative entries indicate increased use)
1 O+Roof Insulation (R 16 to 39) 6 0.92 (1%) -19 (-0%) 57 (3%) 0 (0%) -19 (-0%) 57 (3%) 6 (2%) 0 (1%) -0 (-0%)
Annual Costs (pg 2 of 2)
Annual Utility Cost Incentives LCC
Electric Electric Electric MNat Gas Total QOwner Design Team Total
kWwh(E) kWW($) Total($) Total($) [£3] (£) (£} (PVE)
aAnnual COST
1] Base Design § 4,773 - § 4,857 ¢ 2,770 ¢ 7,627 £ 52,965
1 D+Roof Insulation (R 18 to 39) ¢ 4,776 = ¢ 4,859 ¢ 2,695 ¢ 7,954 52,403
Incremental SAYINGS (values are relative to previous measure {% savings are relative to base case cost), negative entries indicate increased cost)
1 0+Roof Insulation (R 18 to 39) $-1 - -2 $75 §732 £ 562
Cumulative SAVINGS (values {(and % savings) are relative to the Base Case, negative entries indicate increased cost)
1 0+Roof Insulation (R 18 to 39) £-1 - -2 $£79 $£73 f 962
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eQUEST Module 4

Annual Electric Energy by Enduse (pg 1 of 4)

Ambient Task Misc Space Space Heat Pumps Went Dom Exterior
Lights Lights Equip Heating Coaling Reject B Aux Fans HE Whr Usage Total
Annual Energy USE (kwh)
0 Base Design 16,438 1} 22,788 [u} 5,608 1] 2,857 7,970 [u} 1} 55,662
1 O+Roof Insulation (R 1€ 16,438 il 22,788 ] 5,627 il 2,857 7,970 ] il 55,680
Incremental SAVINGS (MWh) (values are relative to previous measure (% savings are relative to base case use), negative entries indicate increased use)
1 D+Roof Insulation (R 1€ 0,00 (0%) = 0,00 (0% = -0.02 (-0%) = 0.00 (0%) 0.00 (0% = = -0.02 (-0%)
Cumulative SAVINGS {MWh) (values {and % sawvings) are relative to the Base Case, negative entries indicate increased use)
1 0+Roof Insulation (R 1€ 0.00 (0%) = 0.00 (0% = -0.02 (-0%) = 0.00 (0%) 0.00 (0% = = -0.02 (-0%)
Annual Electric Coincident Peak Demand by Enduse (pg 2 of 4)
Ambient Task Misc Space Space Heat Pumps ent Dom Exterior
Lights Lights Equip Heating Cooling Reject 2 ALK Fans HE Wtr Usage Total
Annual Energy Coincident Demand (kW)
0 Base Design 6.4 0.0 6.5 0.0 8.4 0.0 0.0 2.9 0.0 0.0 34.2
1 0+Roof Insulation (R 1€ 6.4 0.0 6.5 a.0 18.3 0.0 a.0 2.9 0.0 a.0 34.0

Incremental SAVINGS (kW)

(values are relative to previous measure (% savings are relative to base case demand), negative entries indicate increased demand)

1 0+Roof Insulation (R 1€ 0.00 (0%) = 0.00 (0%) = 0.18 (1% = = 0.00 (0% = = 0.18 (1%

Cumulative SAVINGS (kW)

(values (and %o savings) are relative to the Base Case, negative entries indicate increased demand)

1 0+Roof Insulation (R 16 0.00 (0%) = 0.00 (0%) = 0.18 (1%) = = 0.00 (0%) = = 0.18 (1%)

Annual Electric Non-Coincident Peak Demand by Enduse (pg 3 of 4)

Annual Energy Non-Coincident Demand (kW)

0 Base Design
1 0O+Roof Insulation (R 1€

Incremental SAVINGS (kw)

Ambient Task Misc Space Space Heat Pumps vent Dom Exteriar

Lights Lights Equip Heating Coaling Reject BoAuR Fans HE Wit Usage Total
6.4 0.0 6.5 o.0 184 0.0 0.5 2.9 0.0 0.0 34.2
6.4 0.0 6.5 0.0 183 0.0 0.9 29 0.0 0.0 34.0

(values are relative to previous measure (%o savings are relative to base case demand), negative entries indicate increased demand)

1 0+Roof Insulation (R 1€ 0.00 (0%) = 0.00 (0%) = 0,18 (1% = 0.00(0%)  0.00 (0%) = = 0.18 (1%)

Cumulative SAYINGS (kW)

{values (and % savings) are relative to the Base Case, negative entries indicate increased demand)

1 0+Roof Insulation (R 16 0.00 (0%) - 0.00 (0%) — 0.16 (1%) - 0.00(0%)  0.00 (0%) - — 0.18 (1%)

Annual Fuel Energy by Enduse (pg 4 of 4)

Annual Energy USE {MBtu)
0 Base Design
1 0+Roof Insulation (R 1

Incremental SAVINGS (MBtu)
1 0+Roof Insulation (R 1

Cumulative SAYINGS (MBtu)
1 0O+Roof Insulation (R 18

30

Misc Space Space Heat Pumps Went Ht Pump Dom Esterior

Equip Heating Coaling Reject 8 A Fans Supp HE Wr Usage Total
0.0 185.4 0.0 0.0 0.0 0.0 a.0 10.8 a.0 196.2
0.0 179.7 0.0 0.0 0.0 0.0 0.0 10.8 0.0 190.5

{values are relative to previous measure (%o savings are relative to base case use), negative entries indicate increased use)
= 5.70 (3%) = = = = = 0.00 (0% = 5.70 (3%)

(values (and % savings) are relative to the Base Case, negative entries indicate increased use)
= 9.70 (3%) = = = = = 0.00 {0%) = 9.70 (3%)
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Advanced Energy Modeling Conclusion

CONCLUSION

Energy modeling, especially when considered early in the design process, can have a
significant effect on the quality of the design. It is a simple way to consider the impact of
sustainable strategies, identify positive and negative features, and determine ways to improve
overall energy efficiency and building performance. By using the information outlined in this
module, anyone can create a sophisticated energy model and analyze its energy usage.

Thanks to the people supporting the Integrated Design Lab—Bozeman:
e Northwest Energy Efficiency Alliance

e NorthWestern Energy in Montana

e School of Architecture, Montana State University
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