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One of the most difficult aspects of performing energy analysis on existing building projects is calibrating
the simulated results from the energy model to the building's actual energy use. Accurate calibration
depends on utility billing data or trended performance data from the Building Energy Management
System (BEMS) being properly integrated into the energy model. To the novice, this process could easily
double the modeling effort, killing a project’s budget. In the first part of this session, you will learn how to
build a simplified energy model in Autodesk® Vasari Beta 1.0 software and calibrate the model to
monthly utility data in Autodesk® Green Building Studio® web-based software. The second half of the
class will cover how to calibrate the simulated results of the DOE2 energy model to the actual building’s
energy performance as captured by a properly configured BEMS system. Both of these strategies will be
covered in a case study on the Autodesk headquarters building in San Rafael, CA

Learning Objectives

At the end of this class, you will be able to:

e Understand the importance of energy model calibration

e Create a rapid energy model using Autodesk® Vasari Beta 1.0 and Autodesk® Green Building
Studio

e Create a base detailed energy model using Autodesk® Revit, Autodesk® Green Building Studio and
eQuest

e Convert trended data into useful spreadsheets and graphs

e Create comparison charts to graphically demonstrate the accuracy of the current model

e Use trended data to calibrate your energy model to more accurately reflect actual energy
consumption

About the Speaker

As a partner and owner at reBuild Consulting, Lauren is dedicated to improving the performance of
buildings, both by analyzing and retrofitting existing buildings and optimizing design for new construction.
reBuild Consulting is a west coast based green building consulting firm specializing in LEED certification
and energy analysis. It is also a Women's Business Enterprise National Council (WBENC) certified
woman-owned business.

She holds a Bachelors of Science from UC Berkeley and a Masters of Engineering from MIT and is a Mechanical PE
and a LEED Accredited Professional. She was a mechanical engineer at an MEP design firm in San Francisco
before shifting to her current specialty in BIM and energy analysis.

Email: lauren@rebuildconsult.com
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Introduction

About the Building

This lecture is going to focus on creating and calibrating an eQuest energy model on the Autodesk
Headquarters located in San Rafael, CA. We chose this building because we had access to the Autocad
Drawings to appropriately create the 3D geometry, as well as trended data for various end uses within the
building.

For this analysis, the trended end-use data for the building was available prior to the creation of an
energy model. Therefore, this analysis is starting from scratch and generating an energy model from the
ground up, rather than calibrating a model that has already been created by someone else. However, if
an energy model already exists, the process would be very similar to this one. We would just skip the
section on creating a baseline energy model and starting with the one already provided.

Why do we want a calibrated energy model?
e Develop an accurate representation of the building
e Understand how an existing building is actually performing
e Define potential Energy Conservation Measures (ECMs)
e Compare the effectiveness of various ECMs
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What do we need to build and calibrate a rapid energy model?

Autodesk® Vasari to build our 3D geometry and create a .gbmxl file
Autodesk® Green Building Studio (GBS) to analyze results
Building utility bills

What do we need to build and calibrate a detailed energy model?

Autodesk® Revit to build our 3D geometry and create a .gbmxl file

Autodesk® Green Building Studio (GBS) to check for any errors in our model and convert into
DOE-2 or Energy Plus

eQuest, Design Builder or another energy analysis software to perform our energy analysis
Microsoft Excel to create spreadsheets and generate graphs to better organize and analyze our
data

Building End-Use Energy Data (trended data/utility bills) to show how the building is actually
performing

Create a Rapid Energy Model

Create Building Geometry in Vasari

The interface of Autodesk® Vasari is very similar to that of Autodesk® Revit. To begin creating a model
in Vasari, create levels for the various floors of your building, just as you would in Revit. Then, either
import AutoCAD drawings, floorplans or images from Google Earth to get the proper geometry of the
building, making sure that the levels you have defined are at the appropriate elevations.

In 2D space, in the “Model” tab, use the “Create Mass” function to trace the floorplans to create the
building geometry. Once the outline of the building has been traced, click on “Create Form” and then
click “Finish Mass”. You'll be able to see the size and shape of your building in 3D space and can modify
the geometry accordingly to accurately represent the building’s height, etc.
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There is a properties window on the left side of the screen. Under “Dimensions”, “Mass Floors”, click
“Edit” to select the floors that exist in the building. In this case, the floors are at Levels 0, 1 and 2.

* dedllMes.

Then, in the “Analyze” tab under “Energy Settings”, look in the “Energy Model” section and click on
“Divide Perimeter Zones”. Then, under “Perimeter Offset”, select the distance from the walls that will
define our perimeter zones.
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Under “Analyze,” and “Show Mass Surfaces” you will be able to see the perimeter zones have been

added into the model.
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To get quick results within Vasari, go into the “Analyze” tab in the toolbar and select “Analyze Mass
Model.” Once it has completed running, click on “Results & Compare” to view the results.

ol
Model  Analyze

; B e S

Location - £ i ass Show Mass Show Mass
y Form Surfaces 0 s Main Model Tunnel Winc

Select  Project Location \ ’ Energy Model Display Design Options Climate Analysis Solar Analysis

This will provide you with a lot of data based on Vasari's default utility values, rather than actual utility
rates. The results are also based on Vasari's default assumptions for schedules, etc. that cannot be
changed.
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The default values are based on ASHRAE codes for lighting power density (LPD), HVAC systems, etc.
While this tool can provide a good basis of comparison for new designs that will have similar design
conditions, it isn’t a good tool for evaluate existing buildings that will have internal loads that are much
different from ASHRAE standards. For example, the Vasari model shows a LPD for this building of 1.01
W/sf. If we were analyzing an older building that actually had an LPD of 2 or 3 W/sf, our results would be
skewed.

Upload Utility Rates to Green Building Studio

Although Vasari doesn’t have the capability to modify inputs or incorporate a building’s actual utility bills,
this can be done with Green Building Studio. Within the Green Building Studio account, under “Utility
Information” select “Utility Billing Data Sets” to add new utility information. Download the required tools
and then download the utility data set template.
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This will provide an Excel spreadsheet to input the utility information for the building.

A B C D E F L
1) Sign In to Green Building Studio using your Autodesk ID, and then select a project.
signin
Project List

2) All fields in white below can be completed, columns with asterisks (*) are required.
[[] Thisis an all electric building

AT N - T RN RS

10 Green Button: import your monthly utility data into this spreadsheet.
11 | a) Check to see if your utility company has adoptedthe Green Button initiative.
12 b) Go toyour utility company's website to download your Green Button data file.

= c) O Impart your manthly utility data.

14
15
16 Note: the Month and Units fields contain drop-down menus.
17 units kwh kw therm

* Electricity Electric * Fuel Usage
18 Menth Year Usage Demand (natural gas)
19 August 2011 167745.5089 458 1697
20 September 2011 163839.2104 521 1480
21 October 2011 151816.5736 472 1967
22 November 2011 125934.3847 432 3468
23 December 2011 120291.3204 410 4408
24 January 2012 125748.1001 383 4244
25 February 2012 121329.2535 417 3758
26 March 2012 128351.3189 0 3533
27 April 2012 130680.6354 2663
28 May 2012 148498.2613 2013
29 June 2012 143817.136 1603
30 July 2012 148962.6317 510 1458
31 Annual Use or Peak 1,677,014 521 32,292
32 Annual Cost 287201.61 28640
33 Unit Cost 0.1713 0.8869
34 Currency US Dollar (USD)

35 Note: currency is set by the selected project.
2R
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Upload Vasari Model to Green Building Studio
Once the utility bills have been uploaded, you can upload your Vasari model into GBS and assign it the
utility rates you have just defined. To do so, in the Vasari main menu, select “Export” and then “Mass

Model gbXML.”

Create exchange files and sets options.
D New 3 CAD Formats
Create DWG, DXF, DGN, or SAT files, 4
|~ Open v # DWR/DWEX
€ Create owF or Dwxites.
E Save Images and Animations
Saves image or solar animation files, 4
ﬁ Save As r EI Schedule
Saves a Schedule.
=p | mport Y| B Fex
Saves a 3D view as an FEX file,
=} Export 3 Mass Model gbXML
@ Saves the conceptual energy model as a
ghbXML file,
Mass Model gbXML
@ Print 3 opti g
Sets| Exports any surfaces that are generated from masses within a
maodel as a gbXML file for use in third-party applications.
x| Close
Surfaces are generated automatically when the Create Energy
Model option is selected in the Energy Settings dialog.
Press F1 for more help
I View Name {Arch -3D

Autodesk University 2012

This will create a .xml file that you can upload into GBS. Then in the “Run List” tab of the GBS website,
click on Actions, Upload gbXML File, Browse gbXML File and then select the file you just created.
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Then, under the “Utility Data/Weather Period” dropdown menu, select the utility rates you just uploaded.

Upload a gbXML File to 111 Mcinnis Detailed Energy Model

Green Building Studio can read any valid gbXML file.

Upload gbXML File (Create a base run)

Browse gbXML File | Vasari Demo.xml

Save Run As:

| vasari Demo.xm

Utility Data / Weather Period (3)

Project Default Utility Rates hd

Project Default Utility Rates

L August 2011 - July 2012 '
eptember

-Augus

ul

This will populate the rapid energy model with Vasari and GBS standard defaults, but with the utility
information provided for the building. To view the results with default space conditions, click on the “Run

Charts” tab. The colored columns represent the simulated results, broken down by end-use and the
horizontal black bars show the actual utility bills.

Monthly Data

Display Charts For: | 111 Mclnnis Vasari Model v1.1xml.xml B

© cost @ Energy

Total Energy

units | kwh[=]
300k

Area Lights
L a 250K - -
[ Ext Usage - -
@ Misc Equip 200Kk -—— - - -
I Space Cooling
@ Heat Rej 150k
[ Vent Fans
W Pumps Aux 100k
M Space Heal
[ Hot Water

II---I
jan FehMarAprMalem Jul AugSep Oct NuvDEL
1272122121122 11 11 11 0

Electricity

units [kwh|[ =]
200k

150k - - -

100k

¥ Jon Feb Mar AprMay Jun Jul Aug Sep Oct Nowbec
M2772112M212112172°71°71 1

Fuel (Natural Gas)

Units ThermE
Sk

K

) I I I I I |
o Baupnl

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1221121121212 12 10T 1

However, you can then modify some of the basic defaults in GBS under the “Project Defaults” tab. Here
you can specify basic values for you building such as lighting power density, equipment power density,

occupancy loads, HVAC system, etc.

10
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Autodesk Studio
m Dashboards My Profils My Account
My Projects = 111 Melnnis Detailed Energy Model

Foan List Feun Chars Preject Detais Froject Mambars Lty idemation ‘Waathar Sution

Project Default 111 Mcinnis Detailed Energy Model_de[x]
Save Changes | | Save as New Template

ol | Bulding [{5esces) Zones | Surfaces | Opemings | MUAC B et

[ose Farimtar Valie & its Critaria [Hoies
Condison Type: bl
5pace Typa* s,
Lighting Powar Densiy* il
I ty [Eguipment Power Desalty* 25 I " Abways [=]

{Area par Person® [/ parson

! Isammrucw : .i.lm.'m :

.LMHB:IIGI“‘ 5 IQKUJWW! :
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Once the changes have been made, upload your gbXML file again and the new values will be applied to
your results. Below are the results after changing the equipment power density (EPD) to 2.5 W/sf, rather
than using the Vasari default value of 1.3 W/sf. As you can see, the electricity consumption is now much
closer to the utility bill data, while the natural gas remains unchanged.

Manthly Data

Display Charts For: | Vasarl Dema.xml =]

Cost @ Enargy

Total Energy Electricity Fuel (Natural Gas)
Units kivh[=| Units |kWh [+ unis | Therm =]
300k 200k sk

Asea Light: - =
[ Asea Lights 250k = - 4k
O Ext Usaige -
B Misc Equip 00k - - -
W Space Cogling

I Heal R f—

150k - - -
100k
E1 Vent Fans 2 - -
W Fumps Aux 100k - - -
W Space Heat 30k ®
1B Hot Water 50k l
N i N | g N fnmnnl

Emmmm B o == = ! .
Jen Feb Mar Apr May Jun Jul Aug Sep Dct Mov Dec |an Feb Mar AprMay Jun Jul Aug Sep Oct NovDec Jan Fels Mar Aps May Jun Jul Aug Sep Oct Moy Dec
212712721292 12 111 11 1 T N2 1212121212 12 10 111 111 1201212 12 12 N2 11T T T

g

While this still isn’t going to give very accurate results, it is a quick way to get a little bit of information on
your building performance.

Lessons Learned
While Vasari is a quick way to generate a very basic energy model, it isn’'t well-equipped to represent

existing buildings because you can’t modify any of the default values. It is better suited to compare new
design options with similar internal loads and space types.

If you use Vasari in combination with Green Building Studio and can modify some of the default values
and get a model slightly better suitable for an existing building. However, this still generates a very rough
and inaccurate representation. To get a more accurate picture of how the building is actually performing,
we'll need to create a detailed energy model.

11
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Create a Baseline Detailed Energy Model

The process of creating a detailed energy model using a program like eQUEST begins with the creation
of the 3D building geometry in Revit. This model is then converted into gbXML format and sent to Green
Building studio, which converts it to DOE2. This DOEZ2 file is what is used by eQUEST to generate our
energy model. The entire process looks like this:

E— ==

il b )
. )

Create Building Geometry in Revit

The Revit model that will be used to create the geometry for our energy simulation must be different than
those generated by the architects or design engineers. For energy simulation purposes, the Revit model
must be much simpler in order to be accepted by the energy modeling software. Fundamentally, this
model should only be comprised of floors, walls, windows, roofs and skylights. The building’s interior
walls should be omitted and interior walls within the Revit model should instead be used to define our
spaces and HVAC zones.

There are a lot of tips and tricks to creating an acceptable Revit model to be imported into our energy
modeling software, but going into them would require a lot of detail which would be off focus for the

12
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purpose of this discussion. However, there have been and will be other AU classes/handouts dedicated
solely to this topic. | would definitely suggest tracking down one of the courses, or at least the handouts.
All AU classes and handouts are available online.

Generate DOE-2 or EnergyPlus file in Green Building Studio

Once the building geometry has been created, Revit can create gbXML file that can be opened in Green
Building Studio. Before exporting the gbXML file, make sure that your model doesn't appear to have any
major flaws:

Export gbXML - Settings |z E
~ | General Details

Spaces (@ Analytical Surfaces

[~ 1 Buiding Model - | @

& [ 1-1Exercise -

% [ 1-2Exercise |

+ [ 1-3Restroom

# [ 1-4Exercse

# [0 1-5Comdor

# [ 1-60ffice

w [ 1-70ffice
1-80ffice
1-9Exercise
1-10Projector
1-11Conference
1-120ffice
1-130ffice
& 1-14Lobby

IBEEEEE B

| Nex. | Save Settings Cancel

Once the file has exported, upload it into GBS.

Autode
My Projects Dashboards My Profile My Account

My Projects = 111 Mcinnis Detailed Energy Model

Run List Run Charts Project Defaulis Project Details Project Members Utility Information Weather Station

I Upload gbXML File (Creates 2 base run) ...

| r@ Export run list to Excel (CSV file format) ... Date User Name Floor Area (fi) Energy U:

| @ Create a Design Alternative

G# Hide - -

| € Delete .. 11142012 113 PM Aryn.Bergman@autodesk.com 116,447
Base Run

[E7 | 111 MclInnis practice.xml G 11/14/2012 12:57 PM Aryn.Bergman@autodesk.com 116,447
Base Run

[E1 | 111 Mcinnis Vasari Model v1.2.xml 11/3/2012 6:25 PM Aryn.Bergman@autodesk.com 121,761
Base Run

[ | 111 McInnis Energy Analysis Model vi.1.xml [ | 11/3/2012 121 PM Aryn Bergman@autodesk com 116,447
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If the file can be uploaded successfully by GBS, you know there are no major errors in the creation of
your geometry. But be careful, that doesn’t mean there aren’t any errors! From GBS, create DOE2 or
Energy Plus files that will be imported into eQuest, Design Builder or other energy analysis software.

Autodesk Green Build

Dashboards. Wy Profile Wy Account

ects =] 1 Mcinnis Detailed Energy Model]
un Lis

Fn Chans Froigct Detauts || ProctDatls  ProjsctMembars || Lty Isarmafen | Waatar Staton

Fun Name 111 Mdnnis practice oml

Esigy md Carbon fesuits S EPA Eseigy Star Wale Usage Photovoltae Asalyss LEED Duyhgd 30 VEML View Lxpoxt and Download Data Files

Export and Download Data Files

Open DOE-2 file in eQuest

Although you can generate an energy model using other simulation software, this analysis was performed
using eQuest. The DOE-2 file that you open in eQuest has been populated using the geometry created in
Revit and default values assumed by Green Building Studios. Check your 3D geometry in eQuest to
make sure that everything was imported correctly. Sometimes, you will have a model that doesn’t have
walls or floors where they should be. This is typically a result of using an interior wall or floor type in
Revit, which doesn’t carry through into eQuest as a boundary condition.

If all looks well with your 3D geometry, you now have your baseline energy model based on Revit and
GBS default values and schedules. It is this model that will be calibrated based on the building’s energy
consumption data.

Compile Trended Data into a Usable Format

Building energy consumption data is typically broken down by end use and by month. For simplicity of
analysis, it is useful to have the data by month, but also to compile the data for each month into one
master spreadsheet for the entire year. Although it may be time consuming to copy and paste all of this
data into a single spreadsheet, doing so not only streamlines our analysis down the road (which will
become apparently later) but also allows us to create annual graphs to give us a better idea of how our
building is performing on an annual basis.

14
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Once you have the data for the building’s actual energy consumption organized appropriately, you can
compare it with the simulated data produced by the energy model. These comparisons will be the basis
of which we modify the inputs and populate the schedules in our eQuest model.

Create Comparison Charts

Once you have your trended data in a usable format, you can compare it to your simulated results. To do
this, you calculate the eQuest model with the Revit and GBS default values. Once eQuest is done
running the simulation, open the Detailed Simulation Output File and pull your simulated results from the
PS-F report. The PS-F report is at the very end of the report, so it's easiest to locate it by using the
dropdown menu on the top of the Sim Viewer:

&, Baseline v1.5 Mech - Baseline Design - D2SimViewer
File W

JRepan: ATTN Simulation Messages For Review j Component: I
-

.|ATTN Simulation Messages For Review
BEPS Building Energy Performance
BEPU Building Utility Performance
Hourly Report(s)

LS-A Space Peak Loads Summary

LS-C Building Peak Load Components
LS-D Building Menthly Loads Summary
LS-F Building Menthly Load Component
Lv-A General Project Parameters

LV-B Summary of Spaces pfl=tion Messages For Review HVAC Program

Lv-D Details of Exterior Surfaces - — — —
Lv-G Details of Schedules

Lv-H Details of Windows

Lv-I Details of Constructions

Lv-M DOE-2.2 Units Conversion Table
PS-A Plant Energy Utilization

P5-B Utility and Fuel Use Summary
P5-C Equipment Loads and Energy Use
P5-D Circulation Loop Loads
i T S e ey i
PS-F Energy End-Use Summary for
PW-A Plant Design Parameters

S5-A System Loads Summary for
S5-B System Loads Summary for
S5-C System Load Hours for

55-D Building HVAC Load Summary
S5-E Building HVAC Load Hours
S5-F Zone Demand Summary for
S5-G Zone Loads Summary for
S5-H System Utility Energy Use for
S5-I Sensible/Latent Summary for
55-1 Peak Heating and Cooling for
S5-K Space Temperature Summary for
S5-L Fan Electric Energy Use for
S5-M Building HYAC Fan Elec Energy =

PRP—— Frr— - P
2one-3-550£fice

have insufficient heating capability.

that the SYSTEM or ZONE HEATING-CAEACITY plus this

m,

BASEBOARD-RATING is adequate to maintain the ZOMNE
fied DESIGN-HEAT-T for the calculated peak ZOME load
LS-A or L5-B for the ZONE peak load.)

o
h

o

-

o

TR AC-1 Trane Voysger 75 Ton

Il supplies the zbove listed ZONE, has = design heasing
WNexit temperstuze, HEAT-SET-T, (plus =ny zcne reheat)

bl its MAX-SUEPLY-T or the ZCME DESIEN-HEAT-T, which

hl zccount for the insufficient heating capsbility.
)
=
h
=
-
)

zone-3-550£fice has a THERMOSTAT-TYE
VERSE-ACTICN, which, when added to the issues listed
e messages zbove, will cause emcessive underhesting.

zone-3-32Cconference
have insufficient heating capability.

that the SYSTEM or ZONE HEATING-CRBACITY plus this
EASEEORRD-RATING is adequase to meintain the ZOME

fied DESIGN-HEAT-T for the calculsted peak ZOME load
LS-2 or LS-B for the ZOME peak load.)

T AC-2

which supplies the sbove listed ZONE, hss = design heating
coil exwit temperature, HEAT-SET-T, (plus any zone reheat)
below its MAX-SUPPLY-T or the ZONE DESIGN-HEAT-T, which
might account for the insufficient heating capsbility.

ZIONE zone-3-3ZConference has = THERMOSIAT-TYL

Like with the trended data, you copy and paste the text of the data from the PS-F report into Excel and
use “text to columns” to put the data into the spreadsheet in a usable form. Remember to copy the data
from a memorable spot of the PS-F report so you can copy from the EXACT SAME starting point on your
subsequent runs. Because you're creating comparison graphs in Excel by referencing cells on this page,
if your cells don't line up exactly right, your graphs won't turn out correctly.
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omparison Charts.,

Formulas Review

Page Layout View

e e e TED ) Connections = i Clear — *
LELI La l—E I—I‘] I—L_' II@ P|':||Ji|t\es %l Y {q Reapply 'g H;-
From From From From Othfr aeistm_g Refrevsh i il Sort Filter \:)Advan(ed arqove Dat_a B Consolidate
Access Web  Text  Sources Caonnections All Columns guplicates Validation
Get External Data Connections Sort & Filter Data Tools
! A4 ML I | Text to Columns |
A B C D E F G H 1| Separate the contents of one Excel L_
1 REPORT-PS-E Energy E nd-Use Summary forallElec  tric Meters cSlinloberaigecivnns anF
e e e e I | For example, you can separate a -
3 (_mlumn of full names into separate
first and last name columns.
4 TASK MISC SPACE  SPACE  HEAT PUMPS  VENT EST
5| LGHTS LIGHTS EQUIP  HEATING COOLING REJECT & AUX  FANS| oo e WTR
s 1 N || PR —— table, splitting the text into 5
b columns at each comma, period, or
L other character you specify.
2 [1AN
3 [kwH 33850 0 44470 41032 1586 0 155 © Press L for more help. 0
10 |MAX KW 99.266 0 130.493 631.819  63.099 o 115 27.956 o o o
11 DAY/HR 9-Jan 0/ 0 10-Feb 9-Feb  13-Nov 0/0 1-Jan  15-MNov 0/0 o/o o/o
12 |PEAK ENDUSE 99.266 0 129.528 631.819 a o 0 25.148 o ] o
13 |PEAK PCT 11.2 0 14.6 71.3 a o 0 2.8 o o o
| 1
15 |FEB
16 |KWH 30574 0 40167 25992 2553 o 106 4030 o ] o
17 |MAX KW 99.266 0 130.433 485.983 86.036 o 115 33.583 o o o
18 DAY/HR 9-Jan 0/ 0 10-lan 9-Jul  15-Dec 0/ 0 1-Jan  16-Dec0/0 /o ofo
19 |PEAK ENDUSE 99.266 0 129.528 489.983 0.104 o 0 17.652 o o o

In order to compare your simulated results with the building’s trended data, you're going to want to create
comparison charts for total electrical consumption (kWh) and peak demand (kW). To create these charts,
under a new tab in your spreadsheet, put the monthly results for each end use for both the trended and
simulated data by referencing the appropriate cells on the spreadsheets for the monthly trended data and
PS-F data.. From this spreadsheet, you can easily generate graphs to compare the energy consumption
results for the building annually, monthly, and per end use.

The first way to compare results would be to graph the building’s trended and simulated total annual

electrical consumption.

1,600,000
1,400,000 -
1,200,000 -

1,000,000 -
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400,000 -

200,000 -

800,000 -

Annual Electrical Consumption
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In comparing our simulated annual electrical consumption with the trended data, it looks like our model is
pretty close to actual conditions. However, you have to be careful with the data you’re looking at, initial
results can be misleading. If you look at our electrical peak demand, you can tell that there is a big
discrepancy between our simulation and actual consumption.

Electrical Peak Demand

1000
900
800
700
600 -
500 -
400 -
300 -
200 -+
100 -

H Trended

kw

H Simulated

Building Total

In order to get a better idea of what's actually going on, you have to look at the breakdown per end use.
As you can see in the graphs below, the baseline energy model created by GBS and eQuest doesn’t
even take into consideration the existence of the IT room or elevators. These items are going to have to
be put into the model manually.

Annual Electrical Consumption
600,000
500,000
400,000
s 300,000
5 ’ B Trended
200,000 M Simulated
100,000 I I
0 T T .
Lighting Misc IT Room Elevators HVAC
Consumption  Equipment  Consumption Consumption Consumption
Consumption
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Additionally, the other end uses are going to have to be calibrated in the eQuest model to better represent
actual building schedules and installed equipment.

Calibrating the eQuest Model

The best way to start the calibration process is to look at the end uses that are the easiest to modify
within eQuest. The most simplistic end uses will have the fewest factors to be modified. In this case,
these are lighting and miscellaneous equipment. Not only are these end uses the easiest to modify within
eQuest, but their trended data is also easiest to analyze. The IT Room data is also easy to modify, but as
the IT Room data has not yet been incorporated into our model, we’ll omit it for now. Also, before making
any changes to within eQuest, you might want to save your model in a new file with a unique name. It's a
good idea to do this for each subsequent modification if you think there’s a chance you’ll want to go back
to any older versions of your model. Once you make changes in eQuest, you can’t undo them!

Lighting
From the monthly comparison charts for lighting, we can see that our baseline simulated results are
higher than actual consumption across the board for both electrical consumption and peak demand.

Lighting Consumption

B Trended

H Simulated
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Lighting Peak

100

kw
U
o

B Trended

B Simulated

At this point, we don’t know if the discrepancy is attributed to the simulated LPD being too high, the
schedules being inaccurate, or both.

Revit assumes a default LPD of 1.0 W/sf, which has been carried through to our eQuest model. Green
Building Studio populates the DOE-2 file with default annual, weekly and daily schedules. The annual
schedule assumes a typical year, comprised of 52 typical weeks as well as nationally observed holidays.
The default weekly schedule is populated with a default daily schedule, as shown below:

Schedule Properties .- - .- - .- | B i)
Annual Schedules ~ Week Schedules | Day Schedules I
Currently Active Week Schedule: Iwk—schdl—l j Type: Fraction

Week Schedule Name: [wk-schdl-1

Type: IFractinn j
Daily Schedule Assignments

Monday: Idy—s:hd\—l j
Tuesday: Idy-schd\-l d
Wednesday:  |dv-schdl-1 =]
Thursday: Idy—s:hd\—l j
Friday: |dy-schdl-1 ~|
Saturday: Idv-s:hd\-l ;I
Sunday: Idy—s:hd\—l j
Holidays: |dy-schdl-1 ~]
Heating Design Day: Idv-s:hd\-]. ;I
Cooling Design Day: Idv—schd\—l j
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Because our default schedules do not differentiate between weekdays and weekends/holidays, it makes
sense to begin calibrating our model by modifying our schedules.

Developing Accurate Lighting Schedules

All schedules in eQuest are along the left side of the program, in the Component tab at the very bottom.
Double click on the “schdl-1" annual schedule to make modifications to it and all schedules encompassed
within it.

For an office building, it is logical to assume a typical schedule for weekdays as well as one for
weekends/holidays, so we should begin by modifying the weekly schedule accordingly. Make sure you
name your schedules clearly to differentiate between them by end use and type (annual, weekly, daily,
etc.):

E -
Schedule Properties D | {
el - - i
inl Annual Schedules ~ Week Schedules ] Day Schedules N
o F
39 Currently Active Week Schedule: |Lighting Weekly j Type: Fraction
5
7 |
- Week Schedule Name: | BRI E
1 c
<4 Type: |F|‘a:ti9n j E
<
i Daily Schedule Assignments
E Monday: [Lighting Weekday |
Tuesday: |Lightmg Weekday j
Wednesday: |Light\ng Weekday j
Thursday: |Light\ng Weekday j
Friday: |Light\ng Weekday j
Saturday: |L|ght\n; Weekend j
Sunday: |L|ght\ng Weekend j
Holidays: |L|ght\ng Weekend j
Heating Design Day: |Light\ng Weekday j
Cooling Design Day: |Light\ng Weekday j

However, how the weekday and weekend schedule should be modified will depend on our actual building
consumption. In order to determine what the lighting consumption is for our building on a typical day, we
need to graph the lighting consumption over a typical weekday and a typical weekend. Also, because
eQuest populates schedules based on a fraction of a maximum power, we should graph the lighting
consumption as a percentage of our maximum lighting.

To determine our maximums, we need to go back to the master spreadsheet we created that compiles
the trended data per end use for the entire year. We search for the maximum using excel command
=max( and selecting the entire column for each particular end use. Then, we can divide each data point
by this max to get a percentage of the total load for each point.
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Building Total ~ HVAC Total HVAC AC Lighting Total Low Voltage
Date/Time Demand [kw} Demand [kw] Units [kw] HVAC Other [kw] [kw] ITRoom [kw]  Loads [kw] Elevators [kw]
HVACAC Low Voltage

Building Total HVAC Total Units. HVAC Other Lighting IT Room Loads Elevators
8/1/20110:00  40756.0000 20.70% 1.28% 0.04% 29.42% 55.94% 69.70% 19.14% 22.15% Enduse Peak Demand [kW]
8/1/20110:10  40756.0069 19.25% 1.29% 0.04% 29.69% 51.30% 46.97% 20.66% 20.25% Building Total 521.22
8/1/20110:20  40756.0139 20.82% 1.32% 0.04% 30.39% 58.48% 71.96% 17.71% 22.09% HVAC Total 422,41
8/1/20110:30  40756.0208 20.60% 1.32% 0.04% 30.39% 50.77% 72.08% 22.10% 20.82% HVACAC Units 412.31
8/1/20110:40 40756.0278 20.84% 1.32% 0.04% 30.39% 53.34% 72.24% 19.75% 23.79% HVAC Other 17.75
8/1/20110:50 40756.0347 22.23% 1.32% 0.04% 30.39% 54.08% 71.24% 25.97% 21.60% Lighting 80.98
8/1/20111:00 40756.0417 19.01% 1.32% 0.04% 30.39% 48.32% 72.95% 17.14% 21.26% IT Room 18.57
8/1/20111:10  40756.0436 20.10% 1.32% 0.04% 30.39% 56.97% 72.91% 16.96% 19.91% Low Voitage 138.02
8/1/20111:20  40756.0556 21.85% 1.32% 0.04% 30.39% 59.89% 72.99% 20.25% 22.76% Elevators 77.31
8/1/20111:30  40756.0625 20.63% 1.59% 0.04% 36.91% 54.08% 73.77% 18.26% 22.45%
8/1/20111:40  40756.0694 19.77% 1.59% 0.04% 36.91% 50.66% 70.92% 18.23% 21.04%

Now we can graph a typical weekday and a typical weekend as a percentage of the maximum power

demand for lighting.
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100%

80%

60%

40%

20%

0%

12:00 AM

4:48 AM

9:36 AM

2:24 PM

7:12 PM

12:00 AM

Weekend Lighting - Percent of Max

100%

80%

60%

40%

20%

0%
12:00 AM

4:48 AM

9:36 AM

2:24 PM

7:12 PM

12:00 AM

22



Calibrating an Existing Building Energy Model
Autodesk University 2012

From these graphs, we can eyeball the factor we should put into each of the hour time slots of our
schedule and modify the weekday and weekend lighting schedules in eQuest accordingly. However, we
need to take exterior lighting into consideration.

From the graphs above, you can see a jump in the lighting power consumption at around 6am and
another jump around 8pm. It would be safe to assume that these times correlate with the time that the
exterior lights are turned off and on, respectively. On a percentage basis, the jumps for external lighting
look to be about 20%. Therefore, the interior lighting schedules need to reflect that between 8pm and
6am, the input factors should be 0.2 lower than shown on the graphs. That would make the modified
schedules look like this:

'Schedule P rti

Annual Schedules | Week Schedules  Day Schedules I

Currently Active Day Schedule: |Lighting Wweekday j Type: Fraction

Day Schedule Name: | Lighting Weekday

Type: |F|‘a:ti:m

Hourly Values

Mdnt - 1: 0.4400 ratio 8-9 am: 0.6000  ratio 4-5 pm: 0.7000  ratio
1-2 am: -2000  ratio 9-10 am: 0.7000  ratio 5-6 pm: 0.6000 ratio
2-3 am: 0.2000 ratio 10-11 am: 0.7000 ratio 6-7 pm: 0.6000 ratio

3-4 am: 0.2000  ratio 11-noan: -7000  ratio 7-8 pm: 0.7000  ratio
4-5 am: 0.2000 ratio noon-1: .7000 ratio 8-9 pm: 0.5000 ratio
5-6 am: 0.3000  ratio 1-2 pm: 0.7000 | ratio 8-10 pm: 0.4000  ratio

6-7 am: 0.5000 ratio 2-3 pm: -7000  ratio 10-11 pm: 0.4000 ratio

filigagia
Bifigan o
g

7-8 am: 0.6000 ratio 3-4 pm: 0.7000 ratio 11-Mdnt: 0.4000 ratio

-
Schedule Properties @‘éj

Annual Schedules | Week Schedules Day Schedules

Currently Active Day Schedule: |Lighting Weekend ~| Type: Fraction

Day Schedule Name: | Lighting Weskend

Type: |F|'a:tion j
Hourly Values
Mdnt-1: [ 0.2000 ratio 89 am: 0.2000  ratio 4-5 pm: 0.2000  ratio
12am: [ 0.2000 ratio 9-10 am: 0.2000  ratio 5-6 pm: 02000 ratio
2-3am: [ 0.2000 ratio 10-11 am: 0.2000  ratio 6-7 pm: 02000 ratio
I 3-4am: [ 0.2000 ratio 11-noon: 0.2000 ratio 7-8 pm: 0.2000  ratio I
45am: [ 0.2000 ratio noon-1: 0.2000  ratio 8-9 pm: 0.2000  ratio
5-6am: [ 0.2000 matio 1-2 pm: 0.2000 ratio 9-10 pm: 0.2000  ratio
6-7 am: IW ratio 2-3 pm: IW ratio 10-11 pm: ’W ratio
78am: [ 02000 matio 3-apm: [ 0.2000 atio 11-Mdnt: | 0.2000 mtie
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Now that we have taken the exterior lighting component out of our interior lighting schedules, we now
need to put the exterior lighting into our simulation on its own. eQuest inputs exterior lighting on a
kilowatt basis. To determine how many kW the exterior lighting accounts for, we need to look at daily
graphs of our trended data:

Weekday Lighting
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From these, it looks like the exterior lights are turned off around 6am and on at about 8pm. While these
hours are likely to change throughout the year as the hours of daylight change, these hours will be
sufficient for our simulation.

The jump also looks to be about 10 kW, so we should use this value for our exterior lighting load. To put
in exterior lighting, go to the “Utility & Economics” tab along the top of the toolbar and double click on
“EM1” in the component tree on the left of the screen. (Note: Whereas we typically want to rename
everything in our energy model to be descriptive to our needs, do not change the name of EM1. For
some reason, eQuest will fail if the name of EM1 is changed.) Then, click on the Direct Loads tab, enter
the 10kW and select it to be “ambient lighting” as an end use. We choose ambient lighting so our
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simulation output combines our exterior lighting results with the interior, to match the way the lighting is

combined in our trended data.

File Edit View Mode Tools Help

|DER|[: =28 &2 danyEBES | 0E
&2 M g/=H PAR IV ) € a g BRX /g F06'8
Project & Site Building Shell Internal Loads Water-Side HVAC Air-Side HVAC Utility & Economics
—————————— I | spreadsheet | summary | e
E Project: 'Baseline v1.5 Mech3' =
(2 Global Parameters ) " -
(23 Utility Rates - - - - 2
& it e Electric Meter Properties (L8 [
(2 Ratchets
@ MASTER-METERS1 Currently Active Electric Meter: IEMl j Type: utility
& il eters

Meters

&3 Fuel Interior Direct Loads

Basic Specifications | Building and/or Submeters {Direct Loads

T FML I

Load (kW) Schedule

Enduse

(L Steam Meters
22 CHW Meters
& BASELINEL

23 Photovoltaic Modules

et}
2
3 n/ajn/a
(2 Electric Generators 4

o|o|o|s

(2 Central Plant Component

(13 Other Building Componen| Exterior Direct Loads

& 2 Annual Schedules

Load (kW) Schedule

Enduse

p Office Occupancy Ann
. Ext Lighting Ann
. Infiltration Annual

10.00

Ext Lighting Ann

ljbmbler‘t Lighting

n/a|n/a

P DHW Annual
jll Office Lighting Ann

efe o[-

a|n/a

=

a =

i Office Equip Ann
1 1T Equip Annual
gl Always ON Flag
1 Always ON Fraction Ar

Refrigeration Direct Loads
Schedule

[ =

Load (kw)

8 Always OFF Fraction A1
.l AC-1 Fan Annual

B AHU-8 Fan Annual

sl AC-5 Fan Annual

B Hesting Setpoint Annu
i Cooling Setpoint Annu

Now we need to create the exterior lighting schedule. The annual schedule should have a weekly

schedule with only one daily schedule, as the exterior lighting

will be the same every day of the week.

The daily schedule should reflect the exterior lights being on from 8pm to 6am, and off otherwise:

Schedule Properties - - - - - &u
Annual Schedules | Week Schedules  Day Schedules
Currently Active Day Schedule: IExtEriUr Lighting Day ;I Type: Fraction
Day Schedule Name: I Exterior Lighting Da
Type: IFractinn ;I

Hourly Values
Mdnt - 1z I 1.0000 ratio 8-9 am: I 0.0000  ratio 4-5 pm: I 0.0000 ratio
1-2 am: I 1.0000 ratio 9-10 am: I 0.0000  ratio 5-6 pm: I 0.0000 ratio
2-3 am: | 1.0000  ratio 10-11 am: | 0.0000 ratio 67 pm: | 0.0000 ratio
3-4 am: I 1.0000 ratio 11-noon: I 0.0000 ratio 7-8 pm: I 0.0000 ratio
4-5 am: I 1.0000 ratio noon-1: I 0.0000 ratio 8-9 pm: I 1.0000 ratio
5-6 am: I 1.0000 ratio 1-2 pm: I 0.0000 ratio 9-10 pm: I 1.0000 ratio
6-7 am: I 0.0000 ratio 2-3 pm: I 0.0000 ratio 10-11 pm: I 1.0000 ratio
7-8 am: I 0.0000 ratio 3-4 pm: I 0.0000  ratio 11-Mdnt: I 1.0000  ratio
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Once the lighting schedules have been modified based on the trended data provided, we can recalculate
our model and again open the Detailed Simulation Output and take our data from the PS-F report. Make
sure to copy the data from the exact same starting point as before so our new comparison charts will
reflect our updated data without having to create new graphs. As with saving each subsequent eQuest
model with a unique name, you should do the same for each Excel spreadsheet that you put your PS-F
results in. That way you have saved your old data before overwriting it and have access to your previous
comparison charts.

With our updated lighting schedules, the new lighting comparison chart now looks like this:

Lighting Electrical Consumption

kWh

M Trended

H Simulated

W Trended

m Simulated
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As you can see, we're getting much closer to the actual building lighting consumption, but still need to
tweak things a bit. Since our simulated data is still higher than actual, our next step should be to lower

the LPD in our model.

Modifying Lighting Power Density
Because we don't know the exactly LPD of each zone within our model, it is easiest to assume an overall
LPD for the entire building, as Revit did in our baseline model. The default value in our current model is

1.0W/sf. Because our simulated data is still a bit high, we should lower this LPD to 0.9W/sf.

To do this, click on any of the zones on the toolbar on the left side and click on the “Internal Loads” tab
along the toolbar across the top. Then select “Spreadsheet” to open up the current values set for each

zone.

Calibrating an Existing Building Energy Model
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Then, from the dropdown menu that is currently showing “General”, select “Lighting”. As you can see, all

of the zones currently have a LPD of 1.0W/sf, shown in red. In eQuest, all default values are shown in
red, all user modified values are shown in green, and all user defined defaults are shown in blue.

Because there is a good possibility that we might want to change this value more than once, it is a good
idea to give all of the zones a “user default value” for the LPD.

Unfortunately, there is no way to do this other than defining a user default in the first cell and copy and

pasting it into every cell in our spreadsheet. However, once the user default is assigned to each cell, we
will only have to change the user default once to change it in all of the cells. Do the same for defining the

user default for the lighting schedule as well. If this is done correctly, all of the values should be blue to

indicate that they are user defined defaults:

| K Y
Shell Internal Loads

¢ @ g

Water-Side HVAC

88X

Air-Side HVAC

Flros

Utility & Economics

Internal Loads

Spreadsheet 1 Summary ]

Display Mne: ‘Lighting '

=l

Space Name

Parent Floor

Activity Desc.

Lighting W /
Area 1 (W/ft2)

Lighting kW 1
(kw)

Lighting Schedule 1

S~zone-1-9Exercise

(no default)

0.90

Office Lighting Ann

Srzone-1-80ffice

(no default)

0.0

Office Lighting Ann « <

Srazone-1-70ffice

(no default)

0.90

Office Lighting Ann «

o [ [w [r [

S~zone-1-60ffice

(no default)

0.90

Office Lighting Ann

Srzone-1-5Corridor bldg-stry-1

(no default)

PRTrare T —

hfimanlis

User-Defined Default

0.0

>

Office Lighting Ann « <

jghting Ann

) DOE.2 Default

¥ User-Defined Default Value: 0.90 W/ft2 I

" User-Defined Default Expression:

User-Defined Default for Space 'S~zone-1-9Exercise’, LIGHTING-W/AREA[0]:

ighting Ann

ighting Ann «

jghting Ann «

ighting Ann

ighting Ann «

jghting Ann «

ighting Ann

ighting Ann

ighting Ann «

ighting Ann

ighting Ann

ighting Ann

jghting Ann

— ighting Ann

Install Expression From DOE-2 Default |

ighting Ann

jghting Ann

ighting Ann

ighting Ann

ighting Ann

27 |S~zone-1-36 mlce

PIoo StrveT

(no default)

0.90

ice Lighting Ann

28 |3~zone-1-350ffice

bldg-stry-1

(no default)

0.90

Office Lighting Ann

e [ p———

R

[T ———
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Once the LPD has been changed to 0.9W/sf for all zones, we can recalculate our model and pull the data
from the PS-F report to make new comparison graphs.

Lighting Electrical Consumption

40,000
35,000 -
30,000 -
25,000 -
20,000 -
15,000 -
10,000 -

kWh

M Trended

m Simulated

H Trended

H Simulated
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Tweaking Lighting Inputs

Now that we know how to modify the schedules and the LPD in eQuest, we can continue modifying either
one or both until we get our simulated results to be as close as we can to the trended data. We want to
make sure that the simulated electrical consumption is as close to the actual consumption as possible,
while keeping the peak demand close as well. This might take some back and forth, but eventually you'll
get to a condition that closely matches our actual building performance.

Lighting Electrical Consumption

35,000
30,000
25,000

< 20,000
=< 15,000
10,000
5,000

M Trended

H Simulated

H Trended

H Simulated
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Equipment

Modifying the schedules for the equipment loads is even easier than the lighting. Equipment loads are a
product of Equipment Power Density (EPD), in W/sf, and equipment schedules. From the original
comparison charts generated by Revit and GBS defaults, we can see that our simulated equipment
electrical consumption is a bit higher than actual, but the peak is almost dead on. So our goal is to
reduce the equipment electrical consumption without drastically changing the peak demand.

Misc Equipment Consumption

kWh

H Trended

H Simulated

160
140
120
100

B Trended

H Simulated

As with lighting, let's begin by modifying the schedules.
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Just as before, in the internal loads tab, modify the annual, weekly and daily schedules in the component

tree to left of your screen. The equipment schedules should differentiate between weekends and

weekdays.

Annual Schedules

Week Schedules l Day Schedules ]

Currently Active Week Schedule: |Equipment Weekly

Week Schedule Name: | Equipment Weelkly

Type: v

Daily Schedule Assignments

Monday:
Tuesday:
Wednesday:
Thursday:
Friday:
Saturday:
Sunday:

Holidays:

|Equipment Weelkday

|Equi|:ment Weekday

|Equi|::ment Weekday

|Equi|:ment Weekday

|Equi|:ment Weekday

|Equipment weekend

|Equipment Weekend

|Equipment Weekend

Heating Design Day: |Equipment Weekday

Cooling Design Day: |Equipment Weekday

Led Led Led Ll L L f LafLef Lo ] Lo

|

Type: Fraction

Dane

Just as with the lighting, look at the weekday and weekend percent graphs to see how we should modify
our daily schedules.

Weekday Equip Consumption

100%

80%

60%

40%

20%

0%
12:00 AM

4:48 AM

9:36 AM

2:24 PM

7:12 PM

12:00 AM
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Weekend Equip Consumption

100%

80%

60%

40%

20% MMMWM

0%
12:00 AM 4:48 AM 9:36 AM 2:24 PM 7:12 PM 12:00 AM

From the daily percentage graphs, we can modify the default schedules in eQuest as follows:

Schedule Properties m

Annual Schedules I Week Schedules  Day Schedules

Currently Active Day Schedule: |Equipment Weelkday j Type: Fraction

Day Schedule Name: I Equipment Weelkday

Type: IFra:tiun

Hourly Values

=]
Mdnt - 1: IW ratio 8-9 am: IW ratio 4-5 pm: Iw ratio
1-2 am: IW ratio 9-10 am: IW ratio 5-6 pm: IW ratio
2-3 am: 0.2000  ratio 10-11am: [ 0.8000 ratio 67pm: | 0.3000 ratio
3-4 am: lm ratio 11-noon: Im ratio 7-8 pm: IW ratio
4-5 am: IW ratio noon-1: IW ratio 8-9 pm: IW ratio
5-6 am: lm ratio 1-2 pm: Im ratio 9-10 pm: Im ratio
6-7 am: 0.4000  ratio 2-3 pm: IW ratio 10-11 pm: Im ratio
[ 05000 [a |

7-8 am: 0.5000  ratio 3-4 pm: 5000 ratio 11-Mdnt: 0.2000  ratio
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Schedule Properties . » . B B |2 S
I Annual Schedules | Week Schedules  Day Schedules I
Currently Active Day Schedule: |Equipment Weekend ;I Type: Fraction

Day Schedule Name: | Equipment Weekend

Type: IFract\on

Hourly Values

Mdnt—l:l 0.2500 ratio 8-9 am: 0.2500 ratio 4-5 pm: 0.2500  ratip

1-2 am: 0.2500 ratio

2-3 am: I 0.2500 ratio

3-4 am: I 0.2500 ratio 11-noon: 0.2500  ratio 7-8 pm: 0.2500  ratio
4-5 am: I 0.2500 ratio noon-1: 0.2500 ratio 8-9 pm: 0.2500 ratio
5-6 am: I 0.2500 ratio 1-2 pm: 0.2500  ratio 9-10 pm: 0.2500 ratio

6-7 am: I 0.2500 ratip
7-8 am: I 0.2500 ratio

9-10 am: 0.2500 ratio

10-11 am: 0.2500 ratio

2-3 pm: 0.2500 ratio

3-4 pm: 0.2500 ratio

5-6 pm:

6-7 pm:

10-11 pm:

11-mdnt:

0.2500 ratio

0.2500  ratio

0.2500 ratio

0.2500 ratio

il
gl

Done

Making these modifications to the schedules generates the following comparison charts:

Misc Equipment Electrical
Consumption

B Trended

m Simulated
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160

Misc Equipment Peak Demand

140

120
100

M Trended

H Simulated

Changing the schedules in this case gets the electrical consumption closer, but it's still a little high. Revit
assumes a EPD of 1.3 W/sf as a default value. Because our simulated values are higher than actual, we
want to lower our EPD. Let’s try changing the EPD to 1.1 W/sf. You will do this the same way you did for

lighting.

This creates the following comparison charts:

Misc Equipment Electrical
Consumption

B Trended

H Simulated
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Misc Equipment Peak Demand

160
140
120
100

B Trended

H Simulated

Tweaking Equipment Inputs

As you can see from the above comparison chart, lowering the EPD to 1.1 W/sf lowered our simulated
values for electrical consumption and peak demand by too much. Now we want to go back and forth
making changes to both the EPD and the schedules until we get a condition that closely resembles what
is actually going on in our building.

Misc Equipment Electrical Consumption

45,000
40,000
35,000
30,000
< 25,000
E 20,000
15,000
10,000

5,000

H Trended

B Simulated
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160
140
120
100
80
60
40
20

kw

Misc Equipment Peak Demand

M Trended

B Simulated

IT Room

Generate IT Room Schedules and Load

Now that we have lighting and miscellaneous equipment fairly dialed in, we want to look at the IT room.

Currently, the IT room doesn't exist in our model so we're going to have to putitin. In order to do so, we
need to find the zone that contains our IT room and define it appropriately.

In this model, our IT Room is in zone 2-31:

From the graphs of the trended electrical consumption for a typical weekday and weekend, we can see
that the IT room’s consumption level is about the same every day. Therefore, the schedules for the IT

Internal Loads ~ Spreadsheet | summary |

IEqulpment ;I

Spzsiam: parentfloor |50 SRETET |k Ty | e

73 |S~zone-2-42Conference |bldg-stry-2 (no defd Equipment Annu; - 1.200 1.0
74 |S~zone-2-410ffice bldg-stry-2 (no defg Equipment Annu; » 1.200 1.0
75 |S~zone-2-400ffice bldg-stry-2 (no defd Equipment Annu; 1.200 1.0
76 |S~zone-2-30ffice bldg-stry-2 (no defd Equipment Annui « 1.200 1.0
77 |S~zone-2-330ffice bldg-stry-2 (no defg Equipment Annu; » 1.200 1.0
78 |S~zone-2-380ffice bldg-stry-2 (no defd Equipment Annu; » 1.200 1.0
75 |S~zone-2-37Corridar bldg-stry-2 (no defd Equipment Annui + 1.200 1.0
80 |S~zone-2-360ffice bldg-stry-2 (no defd Equipment Annu; - 1.200 1.0
81 |S~zone-2-350ffice bldg-stry-2 (no defg Equipment Annu; » 1.200 1.0
82 |S~zone-2-340ffice bldg-stry-2 (no defd Equipment Annu; 1.200 1.0
83 |S~zone-2-330ffice bldg-stry-2 (no defa Equipment Annu; » 1.200 1.0
84 |S~zone-2-320ffice bldg-stry-2 (no defg Equipment Annu; » 1.200 1.0
S~zone-2-31 IT ¥ dg-stry-2 (no defd Equipment Annu; » 1.200 1.0

86 |S~zone 2 50Storage  |oldg siry 2 (no defd Equipment Annus + 1.200 1.0
a7 |S~zone-2-20ffice bldg-stry-2 (no defg Equipment Annu; » 1.200 1.0
88 |S~zone-2-29Corridor bldg-stry-2 (no defg Equipment Annu; » 1.200 1.0
89 |S~zone-2-280pen bldg-stry-2 (no defd Equipment Annu; 1.200 1.0
9p |S~zone-2-270pen bldg-stry-2 (no defa Equipment Annu; » 1.200 1.0
a1 |S~zone-2-26Corridor bldg-stry-2 (no defg Equipment Annu; » 1.200 1.0

room only need to include a typical daily schedule.
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z

20

IT Room Weekday

15

10

5

0

12:00 AM 4:48 AM 9:36 AM 2:24PM 7:12PM 12:00 AM

kw

20

IT Room Weekend

15

10

0

12:00 AM 4:48 AM 9:36 AM 2:24PM 7:12PM 12:00 AM

Although the usage fluctuates, we can see that the IT room typically consumes about 14 kW at all times.
However, our eQuest spreadsheet wants a value in W/sf. From the “General” spreadsheet, we can find
the square footage of the IT room to be 983.8sf.

File Bt View Mode T

ook Help

[cwn  mansetass yomor a@

i' ] aE" vins Ll ] Wmox Flg s
Frnjnct & Stn Busldng seall i i ity i
= =abzl | mermal Loads  Serandsheet | summary |
T Smonedssoice +
[ - zame-3-Sdstairs
1] S-aone-1-520805ce [Sosernl =l
1 5-sone-1-5208e.
[ S-snne-5108ke Tamparstuce
& 5-s0ne3-5000ie Fpace Heme Farer Floor Zone Type | Adtiviey Desc. | Sunspsce i xKif)
B Gesone 3 40ffe a5 2LIT g atry-2 | o Jine defecll] N - 78.8] o.00l )
B 5 sonc 3400Mce 86 [S-30na-1-3Storage  |Bldg-#re-d e B n.00] -
{5 t-zone 3-480Mice 27 ofve Bing-mry-2 L - 0.00] =
15 Smrone-3-aTORIce [T Bidg-etry-2 = i o.00} =
|5 S-rone- 14800 a5 Eidg-=ry-2 I3 = .0 ]
- ] $-ane-J-4508ce 0 T sidgester 2 I3 - ] 0,00 ¥
I 5-20ne-1-UCorides 2 Eiag-sre-1 e = 700 000 =
[ Seannei-da0tice - ) e = g .00 =
Es—mwum»- Bg-sr-d e = 0| 6.60] =
Sezone-3-410Mice t - T -l
| Bidg 2 K - T0.0| 0.00| -
[ %-zone-3-4008ce = oo M I . ol
=1 R 5 Bdg-ars - e = [ .00 I = =
= 56 pidg-sre-2 =] Na = 0.0} 0.0} Lluise a FOLYGE | B
4. Bidg sy o - 7o) .00] 1 [l & POLYGE v -
58 Eidg-siry-2 e - el o.o0] Ljuse & FOLYGO! v 2-1 -

= DI R
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For the sake of simplicity, let's round that up to 1000sf. Therefore, our IT room is consuming about 14

W/sf at all times. So, we need to create an IT room schedule t

hat is constantly running at 14 W/sf. To do

this, create an annual schedule “IT Room Annual” with a weekly schedule “IT Room Weekly”, as we did
for lighting and equipment. Because there is no daily or hourly fluctuation, this weekly schedule will have
one daily schedule “IT Room Daily” that is constantly running at 100%:

Schedule Properties

ea )

Annual Schedules | Week Schedules  Day Schedules

Currently Active Day Schedule: |IT Room Daily

Day Schedule Name:

Type: Fraction

Type: | Fraction

= |

Hourly Values
Mdnt - 1: 'W ratio B-9 am: 'W ratio
1-2 am: 'W ratio 9-10 am: 'W ratio
2-3 am: 'W ratio 10-11 am: 'W ratio
34 am: 'W ratio 11-noon: 'W ratio
4-5 am: 'W ratio noon-1: 'W ratio
5-6 am: 'W ratio 1-2 pmz 'W ratio
67 am: 'W ratio 2-3 pmz 'W ratio
7-8 am: 'W ratio 34 pm: 'W ratio

4-5 pm
5-6 pm
&7 pm
7-B pm
B8-9 pm
9-10 pm
10-11 pm

11-Mdnt

[ 20050 raio
[ 20050 raio
[ 20050 ratio
[ 50550 raio
[ 20050 ratio
50555 raio
[ 20050 ratio
[ 20050 ratio

Once these schedules are created, you can change the values in our Equipment spreadsheet accordingly

in the “Internal Loads” tab:

R0 I Room - <QUEST QuickEneray Simlton Tool

File Edit View Mode Tools Help

D@l BE S @7 v @ & % & [z
I 8 = | I TE] A 1= B0RxX FANVIE:
Project & Site Building Shell Internal Loads Water-Side HVAC Air-Side HVAC Utility & Economics

212 [ intemal Loads | -SEERETER | summary |

A0 S~zone-1-22Kitchen =
[H] S~zone-1-21Restroom T
[ 5~zone-1-200emo Display Mud< Equipment ) |
@ S~zone-1-1Exercise
{51 5~zone-1-19M-E . parent Floor | Activity Equipment Equip W / Area | Equip kW |Equip Sen
[ 5-zone-1-18Lobby Desc. Schedule 1 1(w/R2) | 1 (kw) (ratic
& S~zone-1-17Lobby 82 |S~zone-2-340ffice bldg- (no defd Equipment Annui « 1.200
5] 5~zone-1-16M-E 83 |S~zone-2-330ffice bl (no defs Equipment Annu; 1.200
5] S~zone-1-15Lobby R el
JH] S~zone-1-14Lobby Esmznne-z-al T d (no defgIT Room Annual 14.000[f
5] S~zone-1-130ffice == = ———mnpmE e =
5] 5~z0ne-1-120ffice 87 |5~zone-2-20ffice bld (no defs Equipment Annu; - 1.200
{5l 5~zone-1-11Canferenc a8 |5~zone-2-2Cerridor  |bld (no defq Equipment Annui v 1.200
] 5~zone-1-10Projector | = 89 |S~zone-2-280pen bld, (no defs Equipment Annui » 1.200

= [E] bidig-stry-2 o0 |S~zone-2-270pen bld (no defg Equipment Annui « 1.200
A S-~zone-29Conference 91 |S~zone2-26Corndor_[ble (e defd Equipment Annu = 1.200
[H] 5-zone-2-80ffice P P ——— . gt e A P
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Now, we want to differentiate the electrical consumption of our IT room from the rest of the miscellaneous
equipment. In order to do this, we will have to separately meter the IT room equipment load. This will be
done similarly to adding the exterior lighting.

Create Additional Electrical Meter

In the “Utility & Economics” toolbar, along the left hand side, double click on the electrical meter above
the EML1 that represents our exterior lighting meter. Although you can’t change the name of EM1, you
can change the names of subsequent meters. So, change the name of the meter to “EM2 IT” or
something that will describe it for your purposes.

Then, under the “Air-Side HVAC” tab, double click on the zone pertaining to the IT room in the component
tree on the left. Go to the “Meters” tab and change the “Elec Equipment” meter to EM2:

| B3 17 oo - wQUEST Quick Energy Simutation Tool
- " —

D& S €T > rEE e =

|
| = -

| R )i (=B 7T B & @ WX Fro's

| Project & Ste Building Shell Internal Loads water-Side HVAC Air-Side HVAC utility B Economics

|

21| [ air-side HUAC System | Spreadsheet | Summary |

{51 zone-2-1304fice

variable Alr Volume

Curranlly Adwve Zone: |2one-2-01 1 x| 2one Type: Conditioned

Baw Specihicabions | Aur Flow | Outdoor fer | Couling Healu'ﬂlelrluelawn | Sun Space |

Zone Level Meter Assignments by Fnd-Uise:

[ zone-2-150Hfice )
[ zene-2-3808ice Uiactric
Mamter Elen Meter: i
E o Area Lighting: EML Heat Rejection:
Towke Ligghbireg: | Purmpes ared Mes: [em

Elec Equipment: wentilation Fans:

Swuron Blec: [ [em
Space Heating: EM1 Supplemental Heat:
Space Coubng: EML Durnestc Hot Watars [L111

one-3-104fice
one-3-504fice
one-3- 3 onference

] zome-3 WConference Fuel
= Weats Master Fuel Metar:

- Souren Ful: FM1 ] Suppiemental Heat: 711 -1
Soece Heating: =- Jomentic Hot woeer: [P =]

Space Cooling:

80 Actiors [§] Companent Tree

Ready

Now, run the simulation calculations again to give data for the IT Room electrical consumption. Do this
the same way as before, except now under the PS-F report there will be another set of data that pertains
to EM2 that only has values in the column for “Misc Equip”. These are the values we will be putting in our
comparison charts for the IT room electrical loads.

Once we pull the PS-F data for our IT room and put it into our spreadsheet, we get the following
comparison graphs:
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IT Electrical Consumption
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IT Peak Demand

25
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Tweaking IT Room Inputs

As we can see in the graphs, our peak demand is a bit low, while our consumption is a bit high. This
means that our actual peak EPD is more than 14 W/sf, while our percentage of time at that peak is lower
than 100%. From our trended data, we actually know that the peak EPD is about 20kW. Therefore, we
can increase our EPD to 20kW and decrease the fraction in our schedules until we get values that better
fit our trended data.
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IT Electrical Consumption

H Trended

H Simulated

IT Peak Demand

25

B Trended

H Simulated

Elevators

The next internal load to put into our model is the elevators. To do this, we’re going to want to insert
another electricity meter. However, because eQuest won't let us create an electric meter without
choosing a schedule for it, we first create elevator schedules. Just as before, in the component tree in
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the Internal Loads tab, create a new annual, weekly and daily elevator schedule. Although the elevator
usage will be quite different for weekdays and weekends, the accuracy of our elevator electricity
consumption isn’t crucial, so we can assume one basic daily schedule. Populate the daily elevator
schedule in a way that makes sense for a typical office building.

Schedule Properties 4 4 p p 4 &Ig

Annual Schedules I Week Schedules  Day Schedules |

Currently Active Day Schedule: |Elevatars Daily ;l Type: Fraction

Day Schedule Name: I Elevators Daily

Type: IFraction

Hourly Values
Mdnt - 1: 0.0000  ratio 8-9 am: 0.2000 ratin 4-5 pm: 0.2000  ratio
1-2 am: 0.0000  ratio 9-10 am: 0.4000 ratio 5-6 pm: 0.6000 ratio

2-3 am: 0.0000 ratio 10-11 am: 0.2000 ratio 6-7 pm: 0.3000 ratio

3-4 am: 0.0000  ratio 11-noon: 0.2000 ratio 7-8 pm: 0.1000  ratio
4-5 am: 0.0000  ratio noon-1: 0.5000 ratio 8-9 pm: 0.1000 ratio
5-6 am: 0.1000  ratio 1-2 pm: 0.2000 ratio 9-10 pm: 0.0000  ratio

B6-7 am: 0.2000 ratio 2-3 pm: 0.2000 ratio 10-11 pm: 0.0000  ratio

il
Al
il

7-8 am: 0.4000 ratio 3-4 pm: 0.2000 ratio 11-Mdnt: 0.0000  ratio

Then, in the “Utility & Economics” tab, by right click on one of the existing electricity meters and selecting
“Create another Electric Meter”.

@] Baseline v1.5 Mech - eQUEST Quick Energy Simulation Tool
File Edit View Moede Tools Help

[pemimege? ansvE@ssy am
‘ @ P 8'H | 98 al W W F6S

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

2lx| | Spreadshest | Summary |

E Project: ‘Baselinevl.5 Mech' =
-1 Global Parameters
[ Utility Rates Display Mode: IElasn: Specifications
(23 Block Charges

(1 Ratchets Electric Meter Name | Electric Meter Source-to-Site Energy Billing | Demand Billing | Transformer | Transfo
- MASTER-METERS 1 Type Efficiency (Btu/Btu) Unit Label Unit Label Size (kW) Loss (r

=23 Electric Meters 1 |EM1 Utility - 0.33 54 28
H Utility - 0.33 54 28

0

= D Fuel Mel

i FML v s
Define Link...
Delete...

- Photovd ey >
- Electric
-1 Central Plant Component ‘ ‘ ‘

(21 Other Building Componen|
E-£3 Annual Schedules

i i Office Occupancy Ann
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CREATE NEW ELECTRIC METER

Rename the meter to be more descriptive (i.e. “EM3 Elev”) and in the Direct Loads tab, enter a peak kW
value. From our trended data, we know that the elevator peak demand is 77.31 kW, so we should input
this number as our load. Select the annual elevator schedule that we just created, and change the end
use to “Misc Equip”.

Electric Meter Properties &I&J

Currently Active Electric Meter: |EM3 Elew j Type: Utility

Basic Specifications | Building and/or Submeters §_Direct Loads

Interior Direct Loads

Load (kW) Schedule Enduse -

oo oo
o | o | | o

S TV S
w

Exterior Direct Loads

Load (kw) Schedule Enduse il
1 77.31|Elevators Annual ~ |Misc. Equipment -
3 nfaln/a nfa
nfaln/a nfa -

Refrigeration Direct Loads
Load (kw) Schedule

| [ =]

Done

Once the elevators have been put into eQuest, run a simulation to see how close we are using the default
schedules. After the simulation is complete, view the detailed simulation output file and get the data in
the PS-F report for EM3. Put the data into you excel spreadsheet using “Text to Columns” and pull the
values for kWh consumption and peak end use and create a comparison chart.
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Elevators Electrical Consumption
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Our initial daily schedule gives us elevator electricity consumption that is higher and a peak that is lower
than actual. Therefore, we should go back and tweak our schedule until it produces a comparison chart
that is comparable to our trended values.
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Elevators Electrical Consumption
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HVAC

Now that all of our internal electrical loads are defined, it's on to the most important part of our model, the
HVAC system. From our trended data, we can see that the biggest contribution to our total building
electricity consumption is HVAC:

Annual Peak Demand
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500 ‘\‘ | M\ |

I I [

I — i
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B HVAC Total M Lighting ™ ITRoom M Equipment M Elevators

There are a variety of things that contribute to defining our HYAC consumption outside of the internal
loads we have already defined above. Building envelope (windows, walls, roof, skylights, etc.) and
building occupancy also must be defined prior to building our HVAC systems.

Occupancy Schedules

eQuest has default weekly, weekday and weekend occupancy schedules, but not annual. Therefore, in
the component tree, right click on “Annual Schedules” and select “create annual schedule”. As before,
name your annual occupancy schedule appropriately, and select “Fraction” as the schedule type. Select
the end month to be 12 and the end day to be 31, and select eQuest’s default weekly occupancy
schedule, “ws-67-occ”, to be your weekly schedule. Rename your weekly schedule and the
corresponding daily schedules appropriately. For our purposes, the default values that eQuest assumes
for occupancy will be sufficient, so they do not need to be modified. When you have successfully set up
your schedules, it should look like this:
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Schedule Properies | -

Annual Schedules ~ Week Schedules I Day Schedules |

Currently Active Week Schedule: IOT"F\CE Occupancy Weeldy j Type: Fraction

Week Schedule Name: |Of'fice Occupancy Weekly

L]

N Type: IFractlon

|
1 Daily Schedule Assignments
|

Monday: IDﬁ‘\ce Occupancy Weekday

Tuesday: IOT"F\CE Occupancy Weekday

Wednesday: IOT"F\CE Occupancy Weekday

Thursday: IO\‘F\CE Occupancy Weekday
Friday: IDf‘F\ce Occupancy Weekday
Saturday: IDf‘ﬁce Occupancy Weekend
Sunday: IDFF\:E Occupancy Weekend
Holidays: IOT"F\CE Occupancy Weekend

Heating Design Day: IDf‘F\ce Occupancy Weekday

Led Lef L] Lo Led Lef Led Lo L f 1]

Cooling Design Day: IDf‘F\ce Occupancy Weekday

Done

Schedule Properties

1

Annual Schedules | Week Schedules  Day Schedules I

Currently Active Day Schedule: IOfﬁce Occupancy Weekday ;I Type: Fraction

Day Schedule Name: I Office Occupancy Weekday

L] Type: IFraction LI |

Hourly Values

Mdnt - 1: lm ratio 8-9 am: :
1-2 am: lw ratio 9-10 am: 5
2-3 am: lw ratio 10-11 am: lw ratio 6-7 pm: lw ratio
34om: [ 0.0000 mtio 11-noon: | 0.9000  ratio 78pm: | 03000 ratio
45am: [ 0.0000 mtio noon-1: [ 0.8000  ratio 8-9pm: [ 0.1000 mtio

0.9000  ratie 4-5 pm
0.9000  ratie 5-6 pm

0.9000  ratio
0.5000  ratio

56 am: 0.0000 ratio 1-2 pm 0.9000  ratio 9-10 pm 0.0000  ratio
6-7 am: 0.1000  ratie 2-3 pm 0.3000 ratio 10-11 pm 0.0000  ratio
7-8 am: 0.3000  ratio 3-4 pm 0.3000  ratio 11-Mdnt: 0.0000 ratio
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Annual Schedules | Weel Schedules  Day Schedul

es

Currently Active Day Schedule:

Office Occupancy Weekend

Type: Fraction

Day Schedule Name: I Office Occupancy Weekend

Type: IFl’action

=

Hourly Values

Mdnt - 1: IW ratio 8-9 am
1-2 am: 0.0000 ratio 9-10 am
2-3 am: 0.0000  ratio 10-11 am
3-4 am: IW ratio 11-noon:
a5 am: [ 00000 atio noan-1
5-6 am: 0.0000 ratio 1-2 pm
6-7 am: ITDDD ratio 2-3 pm
7-8 am: IW ratio 3-4 pm

3 lw ratio
3 lm ratio
: ITDDD ratio
3 IW ratio
3 lm ratio
: lm ratio
: ITDDD ratio
3 lw ratio

45 pm: IW ratio
5-6 pm: IW ratio
&7pm: [ 0.0000 g0
78pm: [ 0.0000 matio
8-9 pm: IW ratio
9-10 pm: Im ratio
10-11pm: [ 0.0000 atio
11-Mdnt: IW ratio

Done

Once our schedules have been defined, we need to populate our zones with them. In the “Internal
Loads” tab, click on any of the zones in the component tree on the left and then select “Spreadsheet.”
Select “Occupancy” in the Display Mode dropdown menu. In the Occupancy Schedule tab, input the
annual occupancy schedule is selected for all of the zones. This is going to take us changing the first
zone using the dropdown menu and then copying and pasting our selection all the way down through the

column:

Ql Elevators 75 w Schedules - eQUEST Quick Energy Simulation Tool

File Edit View Mode Tools Help

[DEd:a@ 8 e onslrEEse GE|

J =28 ' = TNy | AR ) ¢ @ E BREX Firé61 8
Project & Site Building Shell Internal Loads Water-Side HVAC Air-Side HVAC Utility & Economics
=l x| Internal Loads Summary |
E Project: 'Elevators 75 w Sched »
-2 Global Parameters 7 1
£1-[5] bldg-stry-1 I Display Mode: ID:cupanw jl

@ S~zone-1-9Exercise

@ S~zone-1-80ffice = Space Name Parent Floor Activity Desc Cecupancy Area/Person | Numb
5] 5~zone-1-70ffice 3 i Schedule (ft2) Peo
@ Sezone-1-60ffice 1 |S~zone-1-9Exercise bldg-stry-1 {no default) Office Qccupancy 100
@ S~zone-1-5Corridor 2 |S~zone-1-80ffice bldg-stry-1 {no default) Office Occupancy 100
@ S~zone-1-550ffice 3 |S~zone-1-70ffice bldg-stry-1 (no default) Office Occupancy « 100
@ S~zone-1-540ffice 4 |S~zone-1-60ffice bldg-stry-1 {no default) Office Occupancy 100
-] 5~zone-1-530ffice 5 |S~zone-1-5Corridor bldg-stry-1 (no default) Office Qccupancy » 100
{5 5~z0ne-1-520ffice 6 |S~zone-1-550ffice bldg-stry-1 (no default) Office Occupancy 100
[5] 5-20ne-1-510ffice 7 |S~zone-1-540ffice bldg-stry-1 (no default) Office Occupancy w 100
[E] 5~zone-1-500ffice g |S~zone-1-530ffice bldg-stry-1 (no default) Office Qccupancy » 100
{5 S~zone-1-4Exercise 2 |S~zone-1-520ffce bldg-s {no default) Office Oooupancy - 100
5] S~zone-1-490ffice 10 |S~zone-1-510ffice bldg-stry-1 (no default) Office Occupancy - 100
@ S~zone-1-480ffice 11 |S~zone-1-300ffice bldg-stry-1 {no default) Office Oocupancy 100
@ S~zone-L-470ffice 12 |S~zone-1-4Exercise bldg-sf {no default) Office Qccupancy 100
@ S~zone-1-460ffice

15 S~zone-1-450ffice 13 |S~zone-1-490ffice bldg-stry-1 (no default) OH!EE Occupancy 100
IE 5. 20ne-1-440ffice 14 |S~zone-1-480ffice bldg-stry-1 {no default) Office Occupancy « 100
@ 5z0ne-1-430ffice 15 |S~zone-1-470ffice bldg-stry-1 {no default) Office Oocupancy 100
[5] 5-z0ne-1-420ffice 16 |S~zone-1-460ffice bidg-stry (no default) Office Occupancy = 100
[ 5~zone-1-410ffice 17 |S~zone-1-450ffice bldg-stry-1 (no default) Office Occupancy 100
-JH] 5~zone-1-400ffice 18 |S~zone-1-440ffice bldg-stry-1 (no default) Office Occupancy 100
@ S~zone-1-3Restroom 19 |S~zone-1-430ffice bldg-stry-1 {no default) Office Qccupancy 100
[ S~zone-1-300ffice 20 |S~zone-1-420ffice (no default) Office Ocoupancy - 100
@ S~zone-1-380ffice 21 |S~zone-1-410ffice bldg-stry-1 (no default) Office Occupancy « 100
-] 5~zone-1-370ffice 22 |S~zone-1-400ffice bldg-stry-1 (na default) Office Occupancy - 100
-] 5~zone-1-360ffice 23 |S~zone-1-3Restroom bldg-stry-1 (no default) Office Qccupancy » 100
[5] 5-20ne-1-350ffice 24 |S~zone-1-390ffice bldg-stry-1 (no default) Office Ocoupancy « 100
[5] 5-z0ne-1-340ffice 55 |S~zone-1-380ffice bldg-stry-1 (no default) Office Occupancy 100
E S~zone-1-330ffice 26 |S~zone-1-370ffice bldg-stry-1 (no default) Office Occupancy w 100
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Building Envelope

When the building geometry is imported into eQuest from GBS, default values for each construction type
are assigned. All exterior walls are assigned a default exterior wall construction assembly, all interior
walls a default interior construction assembly, etc. You need to make sure that you don’t modify a default
construction type to be a different of assembly or each component of that type will be assigned the
incorrect properties. For instance, the default construction type “SGFLR Un-insulated solid” shown in the
picture below is the default slab on grade floor construction type. Therefore, we need to make sure we
modify it with the exterior floor slab properties of our building. If instead we renamed it “Exterior Wall” and
gave it the properties of our exterior walls, all of the floor slabs in our model would have the properties we
intended our exterior walls to have.

In the 111 Mclnnis building, we have exterior walls, exterior floors, interior walls, interior floors, a floor slab
and a roof. We will have to specify a construction type for all of these. We also have windows and a
skylight that will have to be defined. For the sake of simplicity, we will cover creating one construction
assembly and one window type.

Construction Assembly

In the “Building Shell” tab, at the bottom of the component tree right above the schedules, there are
default values for construction types, layers and materials. Constructions are composed of Layers, which
are in turn made up of Materials. All of these must be defined. Creating or modifying these components
is similar to creating or modifying schedules. Just double click on a construction component and rename
and define your values accordingly.

’QI Doe2whele3 - eQUEST Quick Energy Simulation Tool
File Edit View Mode Tools Help

Ny =] BB S &7 EmRE -

g8 ENE 1 QI e & B = B @ X Fios
Project & Site Building Shell Internal Loads Water-Side HVAC Air-Side HVAC Utility & Economics

2|2l | 3.p Geometry | 3-D Geometry Spreadsheet } Summary |

=3 Constructicns o
SGFLR Un-insulsted so
~#&D ASHWL-66 8 in lightwe Surface Construction, Layers, and Material Properties P | C)

&2 ASHRF28 4 in lightweic
& ASHIFS 8 in lightweigh'
.42 construction-31 RO Me
4P construction-32 Interio
42 construction-0 Air Surf
&2 copstruction-95 U032

=3 Layers
TR Tay SGFLR

AP lay-ASHWL-66
&2 lay-ASHRF28

Canstruction I Layers | Material

Currently Active Construction: {{SGFLR Un-insulated solid | Type: Layers Input |

Surface Construction Parameters

Construction: | SGFLR Un-insulated solid

Specification Method: |Layers Input hd

.|

A lay-ASHIFS Calculated U-Value: 0.403 Btu/h-f2-°F
£ 5
G o s |
P2 g Ext. Color (absorpt.): 0.700
-3 Materials
' TSCATLT Carpet

&2 mat-828 Cancrete cast
42 mat-AMI13 & in lightwe
L o
A2 mat-AMO1 4 in lightwe
42 mat-353 GypBd 5/8in |
¥

i mat-464 Air Space Construction Layers: |lay-5GFLR v| (material layers ordered from outside to inside)

& mat-
42 mat-264 Conc HW 140 Thickness | Conductivity | Density | Spec. Heat R-Value B

42 mat-267 Conc HW 140 e s () | (Btu/h-f-oF) | (b/R3) | (Btwib-oF) | (h-ft2-oF/Btu) N

42 mat-248 Carpet & Fibe 1 |m 004z 7.8 0.330 —

3 Wall Parameters G - = 550 701 7
- Glass Types o - -

[ DGL-R-Largedouble-g
L[ DGL-R-IRLargedouble-

(22 Glass Type Codes

(23 Window Layers
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Within the construction tab, rename your construction assembly. Do the same in your Layers tab. In the
Materials tab, make sure the materials that will define your construction type are available. For our floor

slab, our assembly will be composed of 8 inches of soil, 8 inch 140lb heavyweight concrete and a carpet
and fiber pad. The dropdown menu in the Materials tab contains heavyweight concrete and a carpet and
fiber pad, but the soil will have to be added.

Construction I Layers  Material I

Currently Active Building Material: |mat-AF17Y Carpet j Type: Properties
- create -

pet

mat-828 Concrete cast dense rein
mat-AM13 8 in lightweight concre
mat-AMO1 4 in lightweight concre
mat-353 GypBd 5/8in (GP0Z)
Specificg mat-464 Air Space
mat-264 Conc HW 140lb 4in (CC03
mat-267 Conc HW 140lb 10in (CCO
Materimat-248 Carpet & Fiber Pad (CP0

Thickness: 0.042 f
Conductivity: 0.0347 Btu/h-ft-°F
Density: 17.98  |b/f2

Specific Heat: 0.330 Btu/b-"F

Material:

Done

To import materials, go to the dropdown menu and select “create.” Then click on “Load Component From
Library” and look for the appropriate category and entry from the dropdown menus:

Surface Construction, Layers, and Material Properties ) Pl
Construction ] Layers‘ Material ’ I
-
Currently Active Building Material: q create - ’ j Type: Properties

Material: [5lt-Up Roof 3/8in (BRO1
Create Material P

I Load Component From Library I

Material Name: |Mater\a\ 15

Creation Option: |Create from scratch j
Material Type: | ﬂ
r 3
Material Library Selection e
Category: Library Name: bdllib.dat
|Soi| j Library File:  c:\...t 3-64 data\doe-2\bdllib.dat
=i Library Entry Description:
AwE Sail, 12 Inch
— zel
E
—

OK | Cancel |
\ Done
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However, the library only contains 12 inches of soil, where we want 8 inches. The only difference in the
properties will be the thickness, so we should modify the thickness from 1 foot to 0.67 feet and rename

the material to reflect the new thickness.

Material I

Construction | Layers

Currently Active Building Material: |S:J|\ 8in

=l

Type: Properties

P e
Material‘ Soil 8in ’

Specification Method:

Thickness:
Conductivity:
Density:

Specific Heat:

Material Properties:

Properties

0.57 f
Btu/h-ft-°F
115.00 |b/f3

0.200 Btu/Ib-"F

1.0000

Done

For materials that don't exist in the library, you will have to manually add them to your materials tab. You
can either add them by defining properties of the material or by specifying a resistance.

Once you have the materials defined, you create your layers and then your construction types:

Layers I Mmaterial |

Construction

Currently Active Layers: |Slab on Grade Layers j
Layers: |’S|ah on Grade Layers
Inside Film Resistance (R-val): 0.520
Material Layers (ordered from outside to inside):
Thickness | Conductivity Density Spec. Heat R-value
Material Name (3] (Btu/hft=F) | (b/ft3) | (Btufib-=F) | (h-ft2-=F/Btu)
1 |Soil 8in - 0.670 0 115.00 0.200 n/a
2 |Conc HW 140lb 10in (CCO - 0.833 6 0 n/a
3 |Carpet & Fiber Pad - nfa n/a n/a nfa 2.080
4 - n/a
S - n/a
6 - n/a
7 - n/a
8 - n/a
g9 - n/a
10 |n/a n/a

Done
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Construction l Layers | material |

Currently Active Construction: |S\ah on Grade Construction ﬂ Type: Layers Input

Surface Construction Parameters

Construction: | Slab on Grade Constructio

Specification Method: m
Calculated U-Value: | 0.210 Btu/h-fi2-°F
Surface Roughness: ’72

Ext. Color (absorpt.): ’D—“DD

Construction Layers: |Slab on Grade Layers =| (material layers ordered from outside to inside)

el e Thi?‘fctr;ess Conductivity Density Spec. Heat R-value L

(Btu/h-ft-°F) (Ib/ft3) (Btu/Ib-°F) | (h-ft2-°F/Btu)

o000 e —

n/a n/a n/a n/a 2.080 =

Windows

The building contains two skylights over the atrium and a number of windows throughout the building,
both of which have default values assigned to them. To change these default values, double click on the
glass type to be modified, in this case the window glazing, in the component tree within the “Building
Shell” tab. Change the name of the windows and input the glazing properties. Although we don’t know
the actual properties of the window glazing of 111 Mclinnis, we know that it is a new building that had to
meet California energy code. Therefore, we can assume that all windows in the building are T24
standard windows, which have particular glazing requirements, as shown below:

ERR-AE ] 1= e Pk V-] & oE Bax Fi61s
Project & Site Building Shell Internal Loads Water-Side HVAC Air-Side HVAC utility & Economics

2= | 2-p Geometry  3-D Geometry } Spreadsheet | Summary |

&P Air Surface B
1.4 Ext Floor Construction
3 Layers

& Bt Wall Layers

&2 5lab on Grade Layers

&2 Int Wall Layers
47 Roof Layers

&2 Int Floor Layers

&7 Bxt Floor Layers

Currently Adtive Glass Type: |T24 Default Dbl Metal Tinted =] Type: simplified

:l»/gatgﬂa‘slm - Basic Specifications | Component Details | Solar/Optical Details |
2 Gravel 1/2in
&2 Rir Space 3

D Cone HW 14010 4in (€ Glass Type: |T24 Default Dbl Metal Tinted

#2 Conc HW 1401b 10in (¢
&2 Carpet & Fiber Pad
42 Carp
&2 Conc LW 80lb 8in (CC2

Specification Method: | Simplified h

&2 R13 batt w Metal Studs
&2 GypBd 5/8in (GPO2)
.47 Conc HW 1401b 8in (C¢
42 Scil Contact for Unins.
&2 SoilBin
&2 Blt-Up Roof 3/8in (BRD
.47 Polyisocyanurate 3in
2 Wall Parameters
11 Glassdwn

: TYETouble-
23 Glass Type Codes

23 Window Layers

2 Annual Schedules

Ll Lighting Annual
il Equipment Annual
[l IT Room Annual
.l FanSch-44INF

L. j@ll FanSch-44

il Heatcrhed-7

€J] DGL-R-ILargedouble-g

m

simplified Input Information Compliance Information
e

Shading Cosficient: | | 0.65. Pt Typee =]
Glass Conductance: 071 Hhufh-f2-F Frame Type: [metal framing, all other =]
Visible Transmittance:| [ 0.50
Outside Emissivity: [ ose

Dane
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Define HVAC System

Air-Side HVAC

Once we have our occupancy schedules and construction types defined, we need to define our HYAC
system. The HVAC system at 111 Mclnnis is made up of four 75 ton packaged air cooled VAV units with
hydronic reheat, a 15 ton packaged unit for the café and kitchen, and a heat pump for the IT room.

The first step will be to input all of these units into our model. eQuest will assign a default HYAC unit and
categorize our zones by location. To modify the units, go under the “Air-Side HVAC” tab, double click on
the first zone “North1” in the component tree, rename the unit appropriately and make sure the system
type represents the unit in question. In our case, the AC units are packaged VAV units, so select “Pkgd
Var Vol.”

B Doedwholes - eQUEST Quick Energy Simulation Tool

DEe PSS et vyvomeds @

W= 8E8 Gk A ) ¢ & i WX Fid s
Project & Site Building Shell Internal Loads Water-Side HVAC Air-Side HVAC Utilty & Economecs
n | 5 umma:
oje Zwhaled -

The other properties of the units we will define later. For now, let’s create the other three 75T units.
Because all four air handling units are exactly the same, we want to link the other 3 AC units to AC-1.
That way, if we make changes to AC-1, the same changes will be made to all four units. Right click on
the next unit, in this case “North2”, and select “define link...” and in the dropdown menu, select AC-1.
You may have to change the system type to “Pkgd Var Vol” before eQuest will allow you to define the
link. Then rename the unit to AC-2.
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Ql Doe2whole3 - eQUEST Quick Energy Simulation Tool
File Edit View Mode Tools Help

e d 2 @7 o v B W
=NR=ak = JNEq & @1 3 ¢ @ g

Project & Site Building Shell Internal Loads Water-Side HVAC

T RRT I

Air-Side HVAC

2l x| | Air-Side HVAC System l Spreadsheet ] Summary ]
@ Project: 'Doedwholed’ -
[ Global Parameters
E-5% AC-1 Trane Voyager 75T
-.Jd] zone-Default
@ zone-3-24Conf SuEH:rl',v’
@ zone-3-C15Corr e
@ zone-3-C18Corr
[0 zone-3-P20ff

Pkgd Var Vol

m

-3-P120ff
Return

B Select the HVAC System to link

N “ClRest North2 to:

- JH] zone-1-C20ff . .

0] zone-1-C30ff | none - Hide Zone Assigr

E] zone-1-C4Demo - none - Hide Zone Feat

@ zone-1-C5Rest AC-1 Trane Vayager 75T

[0 zone-1-CBM-E Hide Zone Loca
B Westl

@ zone-1-C7Lobby
@ zone-1-POBOfFF

ol mmmn 1 AOAT AnE

Link each of the four 75T AC units to AC-1 and change their names appropriately. Define AC-5 and the
HP as packaged single zones, as both DX units and HP units both essentially behave as packaged single
zone units. Make sure to define the café or kitchen as the zone served by AC-5 and the IT Room as the
zone that the heat pump unit serves:

Currently Active System: |HP unit x| System Type: Variable Air Velume
Basics | Fans | Outdoor ir | Cooling | Heating | Preconditioner | Meters | Refrigeration
System Name] [HP unic Duct Losses
System Typed [Pkad Single Zone - Duct Air Loss: ratio
Air Loss Type:  |n/a -
General Parameters Duct Air Loss OA:]  n/a ratio
Return Air Path: | Duct > B e
Control Zone: nfa - Supply Duct UA: Btu/h-"F
DuctDeltaT: |  °F(delta)
System Reports: |Yes > - -
¥ " Required HVAC System Data for "HP unit e
Dual Duct Type: |[n/a - Return Duct UA: Btu/h-F
WL/GS Ht Pump: [n/a - Control Zone: - Hot Duct UA: n/a Btu/h-"F
: zone-2-150ffice F Hot Duct DT: nfa °F (delta)
System Sizing zone-2-380ffice :
Sizing Ratio: 1.00 matio = Humidity Control
’ i Maximum Humidity: | 100.0 %
:  [Non Coincident -
sizing Option: | El zone-2-330ffice
zone-2-340ffice Minimum Humidity: 0.0 %
zone-2-400ffice
zone-3-10ffice @ Humidifier Type: nfa -
zone-3-50ffice -
Zone-3-32Conferance Humidifier Location:  |n/a -
zone-3-34Cenference
zone-3-20ffice
Compliance Settings (references) zone-3-26Corridor 3
Heating Source: System Type Exception:
Economizer Exception:
ERV Exception:
Done
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Then, in the “Meters” tab for each unit, change the “Master Electric Meter” to EM1. You will have to do
this individually for AC-5 and the heat pump, but will only have to change AC-1 for all four of the 75T air
handling units, since they are linked.

Now, we have to assign each zone to the appropriate unit that serves it. The facilities manager at 111
McGinnis provided zone diagrams to show the areas served by each HVAC unit. If zone diagrams like
the one below are unavailable, this information can also be pulled from a Building Management System
or by looking at the mechanical drawings:

I § 5 VAV's 1.5 thru 1-17, 144, and 1-45
\J

I AHU-2
VAV's 1-4, 1-18 thru 1-27, 1-46, and 1-50

I

Assigning zones to the appropriate unit is a time consuming process, but must be done in order to
adequately represent the HVAC system. The best way to assign zones is in the spreadsheet view of the
“Air-Side HVAC” tab. In the “Basic Specifications” section, there is a dropdown menu under “Parent
System” which can be changed to any of the systems currently specified.

J
AHU-4
VAV's 1-37 thru 1-43, and 1-49 3 A

AHU-3
VAV's 1-1, 1-2, 1-3, 1-28 thru 1-36
VAV's 147, 1-48

&) Elevators 75 w Schedules - eQUEST Quick Energy Si ion T¢
File Edit View Mode Tools Help

DEH B8 & b vERRS OB

L 8 EH 9198 ¢ a3 W W Flols
Project & Site Building Shell Internal Loads Water-Side HVAC Air-Side HVAC Utility & Econom

=] x| Air-Side HVAC System Géreadsheet >5ummary |
E Project: 'Elevators 75 w Sched »
[ Global Parameters
5 AC-1 75T Display ModeBasic Specifications -
=] zone-1-1Exercise
-1-2Exerci
] zone ereise Zone Name Parent System Space Zone Type
5] zone-1-70ffice
[50 zone-1-14Lobby 1 |zone-1-1Exercise « | §~zone-1-1Exercis = |Conditioned
[ zone-1-15Lobby 2 [zone-1-2Exercise hC-1 75T - create -  |[~zone-1-2Exercis  [Conditioned
[ zone-1-32Conference 3 |zone-1-70ffice hC-1 75T ACo2 75T ~zone-1-70ffice w |Conditioned =
[5] zone-1-330ffice 2 |zone-1-14Lobby hC-1 75T AC-3 75T ~zone-1-14Lobby « [Conditioned
[51] zone-1-410ffice 5 |zone-1-15Labby hc-1 75T ‘:g:g 521 ~zans-1-15Lobby + |Conditioned =
5] zone-1-420ffice 6 |zone-1-32Conference pC-1 75T HP unit ~zone-1-32Confe v |Conditioned  »
[ zone-1-430ffice 7 |zone-1-330ffce hc-1 75T E:ﬁﬁz =(§~zone-1-330ffice + |Conditioned =
5 &¥ AC-275T g [|zone-1-a10ffice hC175T  |souths ~zone-1-410ffice v |Conditioned v
5] zone-1-3Restroom g |zone-1-420ffice h.C-1 75T xﬁi ~zane-1-420ffice « |Conditioned
g%z;:;l-lﬁM-E 10 |zone-1-230ffice hc-1 75T Northz ~zane-1-430ffice « |Conditioned =
B ) . 11 |zone-1-3Restroom hC-2 75T South4. ~zone-1-3Restroc w |Conditioned  w
[5 zone-1-4Exercise East3
] zone-1-80ftice 12 |zone-1-16M-E hc-2 75T Factd ~zone-1-16M-E  w|Conditiored =
13 [zone-1-4Exercise hC-3 75T Northa ~zone-1-4Exercis » [Conditioned
[Ed] zone-1-18Lobby - Souths -
[ zone-1-28Demo 14 |zone-1-80ffice hc-3 75T Wests ~zone-1-80ffice w |Conditiored =
@ zone-1-400ffice 15 |zone-1-18Lobby LC-3 75T Norths ~ |§~zone-1-18Lobby « |Conditioned <
.[53] zone-1-440ffice 16 |zone-1-28Demo FC-S 75T . |K-z0ne-1-28Demo + |Conditioned
ol st SRR 17 |zone-1-400ffice AC-3 75T +[S~zone-1-400ffice +[Conditioned  +
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Water-Side HVAC
Now we can move onto defining the water side of the HVAC system. The eQuest default water-side
HVAC system is more complicated than what we have in our building.
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Because eQuest inserts default HYAC systems broken down per building location, there will be additional
systems in this dropdown menu than we won't use. Assign each zone to one of the six units we have
created, as dictated by the zone diagrams. Once all of the zones have been assigned, delete the
extraneous HVAC units in the component tree on the left side of the screen in the “Air-Side HVAC” tab by
right clicking on it and selecting “Delete.”

(= =

File Edit View Mode Tools Help
Sl e?lony yEE I &

AR = NNEQY 1 AR A e & #Bawx 1618
Project & Site Building Shell Internal Loads Water-Side HYAC Air-Side HVAC Utility & Economics

alx

Project: 'Elevators 75 w Sched

-

e CTOUST FaTaTTTere

=0 HydLoop-2

- HydLoop-8

{5 HydLoop-4

=) HydLoop-3

O Hydloop-2-Equip-15
-4 HydLoop-2-Equip-71
- [ Air-Side System(s)

(22 Thermal Zones)

E- HydLoop-7

@ HydlLoop-8-Equip-14
gl HydLoop-8-Equip-70
(23 Air-Side System(s)
B~ Thermal Zone(s)

® HydLoop-4-Equip-34
(10 Air-Side System(s)
(2 Thermal Zone(s)

-4 HydLoop-3-Equip-16
{8 HydLoop-3-Equip-21
- HydLoop-2-Equip-71
--[20 Air-Side System(s)
[0 Thermal Zone(s)

S R (sl T A -

| Pump-Head-fFlow
-2 Pump-Power-fFlow
| CentH20-Cap-fCHWT
L CentH20-EIR-FCHWTE
-|Z CentH20-EIR-fPLRAT
| Atmospheric-Blr-HIR-f
-|# DW-Gas-HIR-fPLR
| OpenTwr-FluidCap-fA|
L OpenTwr-FluidCap-fRe
-|Z OpenTwr-FluidCap-fAi
.| DX-Cool-Cap-fEWB&C
|# DX-Cool-EIR-FEWB&O,
-|# DX-Cool-EIR-fPLR
| DX-Sens-Cap-fEWB&C
LZ DX-Bypass-Factor-fAirl
|4 DX-Bypass-Factor-fEW
|4 DX-Bypass-Factor-fPLF
-|# DX-Cool-CycleLoss-fPI
| HW-Coil-Cap-fFluidFle
L HW-Coil-Cap-fdT
| HW-Coil-Cap-fAirFlow
I 1 armen CLL il o
[} 13

Plant Equipment l Spreadshest ] Summary

HydLoop-2-
Equip-71

Multiple Coils

-Equlp-

For 111 Mclnnis, we only need a hydronic reheat loop for our air handling units and a domestic hot water
loop for the kitchen and showers, so we're going to want to delete some of our water-side systems.
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From the “Air-Side HVAC” spreadsheet for the units we have in our building, we can see that the hot
water loop assigned to each of them is “HydLoop-8,” which is going to be the hydronic reheat loop for our
system.

ey | VAR Ll - RES BwWx Flb B
g Shell Internal Loads Water-Side HVAC Air-Side HVAC Utility & Economics

Air-Side HVAC SystEm< Spreadsheet )Summary ]
Display MnquEasic 5pEcificat\nnE> j

HVAC System Name HVAC System Type D”.?\'{EE”“ C°°(‘B(t:3f':;f]‘:‘t" Cool (SEnu?ﬁ]"’ac'tV CHW Loop Hea(tsfjﬁa]‘:'t HW Loop
1 |AC-175T EE Hy
> |ac-2 75T = Ty
3 |AC-375T = Ty
4 |AC-475T - Hyd
5 |AC5 75T o Hy
& |HP unit Plkgd Single Zone - Hy

Our domestic hot water (DHW) loop will be “HydLoop-4". All other water-side equipment can be deleted
from the component tree in the “Water-Side HVAC” tab. Once we delete the extraneous loops and
rename our remaining water loops, our water-side schematic now looks like this:
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HVAC Electrical Consumption
Now that all of our HYAC equipment has been defined, we can run our initial simulation with all of the

eQuest populated defaults to see our starting point for HVAC electrical consumption. Put the results from
the PS-F report into our Excel Comparison Spreadsheets and compare the outputs to our trended data,

just as we did for the other end uses.

HVAC Electrical Consumption

M Trended

H Simulated

HVAC Peak Demand

M Trended

H Simulated
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Our current model has the HVAC electrical consumption to be much lower than actual. So, we need to
adjust our setpoints and schedules in order to make our model more accurately represent our building.
However, the HVAC system has many more variables than our previous end uses. We have to
incorporate infiltration, domestic hot water, boilers, HVAC units, fans, pumps and heating and cooling
schedules. And that's not including the occupancy schedules and envelope criteria, which we have
already modified.

HVAC Natural Gas Consumption

We also have to take into consideration that the HVAC system also includes natural gas consumption for
space and water heating. The natural gas consumption is metered by “FM1” for fuel meter 1. Just as we
can’'t change the name for EM1 without eQuest freaking out, don’t modify the name of FM1. The results
for FM1 are also in the PS-F report.

Although we don’t have building trended data for natural gas, we do have access to the utility bills, which
shows the monthly natural gas consumption. We will create our comparison charts for natural gas based
on this data.

Natural Gas Consumption

Therms

m Utility Bills

m Simulated

The current model, using default values, is much lower than our actual natural gas assumptions. We'll
have to make modifications to our loops, boilers and consumption values in order to better replicate the
building’s actual usage.

Calibrate HVAC System

Air-Side HVAC

Just as we have for our other end-uses we need to calibrate the HVAC electrical and natural gas
consumption by modifying the schedules and other variables. Since we have gone over this multiple
times with the other end-uses, | won’t go over the entire process again. Instead, | will go over the
variables to be changed and the schedules to be modified.
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From the trended data for HVAC electrical consumption, you can easily see that the HVAC system is
turned off on the nights and weekends. Therefore, we should modify the schedule for the fans, heating
and cooling accordingly.

For the fans, have an on/off schedule that has the system on between 6am and 6pm, as showing in the
graph above, and off otherwise. Also, we know the heating and cooling setpoints from the facilities
director, so in the spreadsheet in the “Air-Side HVAC” tab, make sure that the heating and cooling

setpoints are 70F and 72F, respectively.

¢ B g8 TS
Water-Side HVAC Air-Side HVAC

o Q113

1ell Internal Loads

Flo1%

Utility & Economics

r-Side HVAC System

Spreadsheet l Summary ]

Display Mode: |Basic Specifications ﬂ

Zone Name Parent System Space Zone Type FIooErI':;IDt;plier M(T:t?éi;r CD?I_I g'e:?ign Hea_ll: g'e:?ign eat Temp
1 |zone-1-410ffice AC-1 Trane Voyager 75 T « |S~zone-1-410ffice « |Conditioned 1 1 72.0 70.0 I-'eating Sety
2 |zone-1-420ffice AC-1 Trane Vovyager 75 T » | S~zone-1-420ffice «» |Conditioned - 1 1] 72.0 70.0 Ilaating Sety
3 |zone-1-430ffice AC-1 Trane Voyager 75 T = |S~zone-1-430ffice « |Conditioned 1 1 72.0 70.0 Ilaating Sety
4 |zone-1-440ffice AC-1 Trane Vovyager 75 T » | S~zone-1-440ffice «» |Conditioned - 1 1] 72.0 70.0 Ilaating Sety
5 |zone-1-300ffice AC-1 Trane Voyager 75 T » | S~zone-1-500ffice «» |Conditioned - 1 1] 72.0 70.0 Ilaating Sety
5 |zone-1-5320ffice AC-1 Trane Vovager 75 T » |S~zone-1-5320ffice « |Conditioned 1 1 72.0 70.0 Ilaating Setp
7 |zone-1-450ffice AC-1 Trane Vovyager 75 T » | S~zone-1-450ffice «» |Conditioned 1 1] 72.0 70.0 Ilaating Sety
8 |zone-1-460ffice AC-1 Trane Voyager 75 T = |S~zone-1-460ffice - |Conditioned 1 1 72.0 70.0 Ilaating Sety
g |zone-1-470ffice AC-1 Trane Vovyager 75 T » | S~zone-1-470ffice «» |Conditioned - 1 1] 72.0 70.0 Ilaating Sety
10 |zone-1-480ffice AC-1 Trane Voyager 75 T = |S~zone-1-480ffice « |Conditioned 1 1 72.0 70.0 Ilaatlng Sety
11 |zone-1-490ffice AC-1 Trane Voyager 75 T » | S~zone-1-490ffice «» |Conditioned 1 1] 72.0 70.0 Ilaating Sety
12 |zone-1-350ffice AC-1 Trane Voyager 75 T » | S~zone-1-550ffice «» |Conditioned - 1 1] 72.0 70.0 Ilaating Sety
13 |zone-1-510ffice AC-1 Trane Voyager 75 T = | S~zane-1-510ffice «» |Conditioned 1 1 72.0 70.0 Ilaating Sety
14 |zone-1-330ffice AC-1 Trane Vovyager 75 T » | S~zone-1-530ffice «» |Conditioned 1 1] 72.0 70.0 Ilaating Sety
15 |zone-1-540ffice AC-1 Trane Voyager 75 T = |S~zone-1-540ffice « |Conditioned 1 1 72.0 70.0 I'Eating Sety
16 |zone-2-495tairs AC-1 Trane Vovyager 75 T » | S~zone-2-495tairs «» |Conditioned  « 1 1] 72.0 70.0 Ilaating Sety
17 |zone-2-330ffice AC-1 Trane Vovyager 75 T » | S~zone-2-530ffice «» |Conditioned 1 1] 72.0 70.0 Ilaating Sety
18 |zone-2-450ffice AC-1 Trane Vovyager 75 T » | S~zone-2-450ffice «» |Conditioned - 1 1] 72.0 70.0 Ilaating Sety
19 |zone-2-460ffice AC-1 Trane Vovyager 75 T » | S~zone-2-460ffice «» |Conditioned - 1 1] 72.0 70.0 Ilaating Sety
20 |zone-2-470ffice AC-1 Trane Voyager 75 T = | Srzone-2-470ffice « |Conditioned - 1 1 | ting Sety

Then, modify the heating and cooling temperature schedules for the four 75T AC units to be at acceptable
ranges during the day and outside those ranges when the system is off. We also want to modify the
outside air contribution to the system. For this particular building, we know from the facilities personnel
that the economizers in the AC units aren’t functioning properly. This being the case, we can’t model the
AC units to have typical economizer function. That being the case, we need to make assumptions on the
amount of outside air coming into the building through these units.

In the Outdoor Air tab of the AC units, change the minimum OA ratio to an assumed range, in this case

0.30, which means that about 30% of the air pushing through our building will be outside air. Then

change the economizer cycle from “OA Temperature,” which would be for typical economize function, to
“Fixed Fraction,” which tells our system that there will always be 30% outdoor air coming into the building.
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Air-Side HVAC Syste ¢

|
Currently Active Syﬁem{:"—'cfl Trane Voyager 75 Ton I j System Type: Pkgd Var Vol
Basics ] Fans Outdoor Air Cooling Heating ] Preconditioner I Meters ] Refrigeration ]
Outside Air and Economizer ] Heat Recovery 1 | Heat Recovery 2 | Natural Ventilation |

Outdoor Ventilation Air

Minimum Outside Air: I 0.30 rat\ol

Minimum OA Control Method: |Fracticn of Design Flow j
Minimum OA Sizing Method: |Sum of Zone OA j
Minimum Air Schedule: |- undefined - j
Outside Air from System: |f undefined - j

Air-Side Economizer Cydle

Outside Air Control: | Fixed Fraction Economizer Schedule: |[n/a -

Drybulb High Limit: nfa °F Lockout Compressor: nfa b

Enthalpy High Limit: nfa Btu Economizer Low Limit: nfa °f

Return & Outside Air Deltas Maximum OA Fraction:
Temperature: nfa *°F (delta) Maximum OA Humidity: nfa Ibflb
Enthalpy: n/a  Btu/flb Minimum Humidity: n/a Ib/lb

The 15T AC unit serves the café and kitchen, so modify its fan schedule to be on during typical hours for
those space types. lItis also served by an electric The heat pump unit serves the IT room, so should be
running constantly. Modify its fan schedule accordingly. Make sure you also modify the outdoor air,
cooling and heating tabs of these units as appropriate for these types of units, as was done for the 75T
AC units.

Infiltration

We also need to modify the infiltration coming into the building. In spreadsheet in the “Internal Loads”
tab, change the display mode to “Infiltration” to see what schedules and setpoints should be changed.
The default schedules that are in eQuest were created in Green Building Studio, which automatically set
infiltration to occur only in the perimeter zones, and only when the HVAC system is off. You're going to
want to rename and modify these schedules according to the actual HYAC schedule of the building.
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" &l
Schedule Properties - - - = - | o]

Annual Schedules I Week Schedules  Day Schedules

Currently Active Day Schedule: |Infiltration Wl Day LI Type: Fraction

Day Schedule Name: | Infiltration Wk Day

Type: I Fraction

Hourly Values
Mdnt - 1: 1.0000 ratie B-9 am: 0.0000 ratio 4-5 pmz 0.0000 ratio

1-2 am: 1.0000 ratio 9-10 am: 0.0000  ratio 5-6 pm: 0.0000  ratio

2-3 am: 1.0000 ratio 10-11 am: 0.0000  ratio &7 pm:z 1.0000  ratio
34 am: 1.0000 ratio 11-noon: 0.0000  ratio 7-8 pm: 1.0000  ratio
4-5 am: 1.0000 ratio noon-1: 0.0000 ratio B-9 pm:z 1.0000 ratio
5-6 am: 1.0000 ratio 1-2 pmz 0.0000 ratio 9-10 pm: 1.0000 ratio

&7 am: 0.0000  rafie 2-3 pmz 0.0000  ratio 10-11 pm: 1.0000  ratio

il
i
sl

7-8 am: 0.0000  ratio 3-4 pm:z 0.0000  rafio 11-Mdnt:z 1.0000 ratio

Done

5 hl
Schedule Properties - - - T P L2 S|
l Annual Schedules | Week Schedules  Day Schedules I

Currently Active Day Schedule: |Infiltration Whkend Day j Type: Fraction

Day Schedule Name: IInfiItration Wieend Day

Type: IFraction

Hourly Values
Mdnt - 1: 1.0000  ratio 8-9 am: 1.0000  ratio 4-5 pm: 1.0000  ratio

1-2 am: 1.0000 ratio 9-10 am: 1.0000 ratio 5-6 pm: 1.0000 ratio

2-3 am: 1.0000 ratio 10-11 am: 1.0000 ratio 6-7 pm: 1.0000 ratio
3-4 am: 1.0000 ratio 11-noon: 1.0000 ratio 7-8 pm: 1.0000 ratio
4-5 am: 1.0000 ratio noon-1: 1.0000 ratio 8-9 pm: 1.0000 ratio
5-6 am: 1.0000 ratio 1-2 pm: 1.0000 ratio 9-10 pm: 1.0000 ratio

6-7 am: 1.0000 ratio 2-3 pm: 1.0000 ratio 10-11 pm: 1.0000 ratio

il
il
il

7-8 am: 1.0000 ratio 3-4 pm: 1.0000 ratio 11-Mdnt: 1.0000 ratio

Done

62



Calibrating an Existing Building Energy Model
Autodesk University 2012

Water-Side HVAC

For the Hydronic Reheat Loop and the HVAC boiler, the main variables in our control are the boiler
efficiency and heating schedules. For the DHW, the variables are the DHW boiler efficiency, the process
flow and the DHW schedules. There are other smaller variables that can be changed on the water-side,
but they have less of an impact on energy consumption and we don’t know the intricate details of the
building well enough to adequately represent them.

As we have gone over the creation and manipulation of schedules multiple times, we can skip this and go
directly into the modification of the boiler efficiency and DHW process flow. From the facilities personnel,
we know that the controls for the HVAC boiler aren’t functioning properly, severely lowering the efficiency
of the hydronic reheat system. Since we won't be able to adequately represent the messed up controls
scheme, we will have to assume that the flawed controls system leads to a lowered boiler efficiency,
which it essentially does.

For the DHW, we should assume a process flow that is a decent amount higher than the default values.
The default value is for a typical office building. Since our building has a café and a kitchen, the amount
of water heating done in this building will be much higher than a conventional office.

Tweaking HVAC Inputs

Now that we have all of the variables and schedules identified that can be modified, we can go back and
forth altering them to better fit our data. The changes we make to the cooling schedules and Air-Side
HVAC variables will affect the electrical consumption while changes to the heating schedules and Water-
Side HVAC variables will affect the natural gas consumption. After several passes of making
modifications to our system, we can finely tune our model to be a fairly accurate representation of our
building.

HVAC Electrical Consumption

B Trended

m Simulated
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HVAC Peak Demand

H Trended

H Simulated

Natural Gas Consumption

| Utility Bills

H Simulated
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Conclusion

After calibrating all available end uses of the energy model to the trended data provided to us, we have a
model that pretty accurately describes the systems in 111 Mclnnis. Our overall simulated annual building
electrical consumption is about the same as it was in the very beginning:

Annual Electrical Consumption

1,600,000

1,400,000 -
1,200,000 -
1,000,000 -

£
= 800,000 - H Trended

X~
M Simulated

600,000 -
400,000 -

200,000 -+

0 4
Building Total

However, now the peak demand and the end use breakdowns are also much closer.

Electrical Peak Demand
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The electrical consumption and peak demand per end-use in our simulation is also very close to our

trended data:

kWh
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300,000 -
| ]
200,000 - Trended
H Simulated
100,000 -
0 T T T

400,000

Annual Electrical Consumption
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Consumption Electrical ConsumptionConsumption

Consumption

Electrical Peak Demand
500
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150 M Simulated
100
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Demand Equipment Demand Demand Demand
Peak Demand

From performing

this analysis, we now have a fully calibrated energy model that can be used to analyze

potential energy conservation measures that Autodesk may want to implement in its building. They can
simulate various schedule modifications, equipment replacements, etc. that may reduce the overall
energy consumption of the building.
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ECM Recommendations

Completing this analysis and generating a calibrated energy model for the 111 Mclnnis building made it
possible to better understand the breakdown of energy end-uses and their relationships to the building’s
overall energy performance. Based on the information discovered on the building’s architectural design,
occupant behavior and HVAC system, the calibrated energy model led to the following recommendations:

Investigate window improvements to reduce thermal losses during high utility tariff rate time
periods

Install a combination of solar panels, better insulation and/or a cool roofing system when the
current roof reaches its end of life

Retro-commission the HVAC system

Retro-commission or replace the IT HVAC system.

Implement a program to encourage employees to put their computers to sleep after hours
Investigate the necessity other miscellaneous equipment being left on after hours

Reduce exterior lighting by using more efficient lighting, occupancy sensors, and control
strategies

Evaluate the size and efficiency of the commercial kitchen equipment
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