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Workshops 1 & 2
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Workshop 1 Inputs - Create New Project and Link
Simulation Weather

Our first workshop focuses on expanding an existing design load analysis to include a
complete energy simulation. Our first step is retrieving an archived system design load
project developed in the HAP for Load Estimating Basic Training Seminar. The retrieval
of this project includes all spaces, air systems and library items so we can focus on the
additional input requirements for completing an energy analysis. Take the following
steps to begin this workshop.

First open windows explorer, navigate to the class flash drive, find the “Trinidad
Energy” Folder, copy the entire folder “1.Unsolved Workshops ” to your desktop.
Then launch HAP and create a new project as shown in Figure 1.1 below.

Figure1.1 - Create New Project in HAP

@ Open Project

Select Project:

Name lLocation ] Open |

Cancel d

FC!ick "New" to create a new project WE WILL BE USING
THESE VERSIONS OF
HAP...5.01 OR 5.1

Help [

< m }
List Projects of Type: /
IHourIy Analysis Program 4. v

Setting Project Preferences

Once we create the New Project, HAP prompts us to choose the applicable ventilation

standard for the project. This first step in our design process links our project to the

appropriate database in determining the ventilation requirements for the spaces and air
systems in our project. The choices include:

= User Defined
=  ASHRAE 62-2001
= ASHRAE 62.1-2004
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= ASHRAE 62.1-2007

After assigning the appropriate ventilation standard, we assign the appropriate Energy
Standard. The choices are:

= ASHRAE 90.1-2004
= ASHRAE 90.1-2007 OR 90.1-2010

Please refer to Fig 1.2 below for additional details.

Figure1.2 — Setting Project Preferences

r - —_— )
{2 Preferences M

| General Project| ‘
|

i SET THE CURRENCY
| Veniiation Standard [ASHRAE Std 62.1-2007 UNITSTO “TT $”. FOR
! Energy Standard . IASHRAE Std 90.1-2007 DO' N G S I M U LATIONS
| (OPERATING COSTS).
LEED ® Rating System [EED 2008 o LATE R WE WI LL PUT IN
| : THE COST OF UTILITIES
| J IN TT$. (TRINIDAD
- #“Under Project Preferences, Select ™ DOLLARS)
the appropriate Ventialtion Standard,

Energy Standard and Currency Units.
We are not concerned with the LEED
*_Rating System for this Seminar.

| ‘ Click OK when done.

| T}] Cancel |  Help Ii

Select the ASHRAE 62.1-2007 Ventilation Standard, ASHRAE 90.1-2007 Energy
Standard and the $ Dollar Currency Symbol $ for our workshop and class project.

Users can set HAP program preferences under the General Tab. Please refer to Figures
1.3 and 1.4 below for additional details of the General HAP program preferences.
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Figure 1.3 — HAP Program Preferences Figure1.4 — View/Preferences

'ﬂ Preferences ﬁ‘ .
i T T — €% HAP46 - [Untitled]

Preferences Applving to All Carrier Software aEEm Large Icons
Measurement Units o Untitled Small Icons
@ English Sl Metric - FF Weather List
Email Address for Your Carrier Sales Engineer SpRcas v Details

— Eiy L ek dwsrard [&] Systems
! E# Plants  /  Toolbar

B Buildings
v Status Bar
Preferences Applying to HAP = @ Pijed Lik
Toolbar and Statusbar Operating Mode m Sched

@ Walls

[« Show ToolTips
% Show Date |1-7 Enable Energy Analysis Fealures]

b1

[v Show Time

| “Check Box to Enable i
Energy Anatysls Faatures

i - I OK 5! Cancel J l_-le!p j

Note: Users can access the Program Preferences anytime by going to the View item on
the menu bar and selecting Preferences as shown in Figure1.4

Enter Design and Simulation Weather Properties

Next, we define the project design weather properties and link the 8760 hour TMY
simulation weather file used in energy simulations using one of the following methods.
We can assign the defaulted ASHRAE design weather properties by using the “Weather
Wizard” or using the Weather Properties input forms. Let's first look at the Weather
Wizard.

Go to the “Wizards” item on the menu bar and select “Weather Wizard.” When
selecting the weather wizard, HAP presents the following graphical interface where the
user selects the region, location and city either from the drop down or by clicking on the
map. Refer to Fig 1.5 and 1.6 below for details.

Figure1.5 — Selecting Weather Wizard

Using HAP 4 5 for Energy Archen Building Wizard
= Weather Equipment Wizard
& Spaces

IE Sy taira Utility Rate Wizard

Full Wizard Session

Project Edit IViewl‘Reports Wizards

i -
e
L

st
a
ilg
of
| §
{

||
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Figure 1.6 — HAP Weather Wizard

W Weather Wizard IZ]

Select Region =

CLICK THE
- CENTRAL AND
SOUTH
AMERICA

-

select Region, Location and City or use

User can either Left Click on the map to
the drop down selection lists below.

i Select Location ! Select City |
J

Choose City
Region [USA. | Lecaton [mnos  «| City [Chicago®  +]
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Select Region

TRINIDAD & |-
TOBAGO
LOCATION

Choose City
Region: |Central & South America j (LTI Wl Trinidad & Tobago - City: [Port of Spain :J

ok | cancel | pew |

After accepting the wizard inputs HAP converts the Wizard Data to the HAP
interface as shown in Figure 1.8.
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IACET

A Weather Inputs
Project: Untitled 0712312017
Prepared By: carrier 10:26 AM

Weather Inputs

Port of Spain, Trinidad & Tobago

Region ... ettt CENEFAl & South America
BAOCERONL ..o vsziveshles s b s IR S s RS T R Trinidad & Tobago
LT 11 RN R ) S 5 0 0 SO NSO ( Port of Spain
Latitude ...... 106 Deg.
Longide ..o e B R e 61.3 Deg.

.. 49.0 1t

Elevation .........
w28

Summer Design Dry-Bulb ...................c.........
Summer Coincident Wet-Bulb ...
Summer Daily Range ...
Winter Design Dry-Bulb ...
Winter Design Wet-Bulb ............. .
Atmospheric Clearness Number .1.00
Average Ground Reflectance ......

Local Time Zone (GMT +/- N hours) ...
Consider Daylight Savings TIME ... isiesnsessseresereseee. NO

Simulation Weather Data TRINIDAD_TOBAGO_PORT_OF _SPAIN_ASHRAE _IWEC2.HW1

=Y
w
[=-]
® 8 8 e @
MMM ™M

Note that you can edit any of the input items in the Design Parameters, Design
Temperatures and Design Solar input forms.

One of the enhancements to is the ability for users to import the following simulation

weather data formats: ASHRAE IWEC (*.IWEC), ASHRAE IWEC2 (*.CSV), Energy Plus

(*.EPW), USA TMY2 (*.TM2) or USA TMY3 (*.CSV). See Figure 1.10 Below for

additional details.

Figure 1.10 — Importing Simulation Weather Data
% Weather Properties - [Chicago 1A

Design Parameters | Design Temperatures | Design Salar W

Simulation Weather |Chicaga IAP (TM2) Select From HAP Library...

Import a Weather File. 8|

January Tstis... |Wednesday |

January
Holidays List S M T W T F

12y

oo v/

Hap ALLOWS US TO IMPORT
HOURLY WEATHER DATA
(IF ITISN'T IN THE HAP

DATABASE) AND IT EXISTS
ON THE INTERNET...
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1
2.
3

THAT EXERCISE SHOWED US HOW TO USE THE WEATHER
WIZARD. FOR OUR WORKSHOP WE WILL NOW IMPORT A HAP
ARCHIVE WITH THE TRINIDAD WEATHER DATA ALREADY
CONFIGURED:

. OPEN A “NEW” PROJECT. SAY “OK” TO PREFERENCES

GO TO ‘PROJECT”, “RETRIEVE HAP 5.0 DATA”

. BROWSE TO THE DESKTOP AND YOUR FOLDER “2. CLASS

FLASH DRIVE TRINIDAD 2017.

. DOUBLE CLICK ON THE FOLDER CALLED

“1. HAP ARCHIVES LOADS AND ENERGY”

. HIGHLIGHT AND OPEN “UNSOLVED LOADS AND ENERGY”

. HIGHLIGHT “TRINIDAD ENERGY ARCHIVE 2 UNSOLVED 2017 ”
. OPEN THEN RETRIEVE IT INTO HAP

. CLICK “PROJECT” “SAVE AS” AND KEEP THE SAME TITLE

al
[ cO~NO O, 4>

Defining the Holiday Schedule

sz |0 the simulation input form under the simulation tab, configure energy simulation data

IAGET

for the same city. Note that the first day of the year selection defaults to Sunday and
determines where the weekends occur. Please change day of the week for January
1st to Friday.

Figure 1.11 — Adding Holidays
The next step is adding the following National Trinidad Holiday dates to the
Holidays List by double left clicking the date on the calendar:

Jan 01

Apr 18,21
May 30
June 14,19
July 28
Aug 1,31
Sep 24
Oct 24
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Dec 25,26

Note: Please remember to “save early and save often”

Design and simulation weather reports are displayed on the following pages.
Use one of the following procedures to preview the weather input details.

1. Weather reports are available by highlighting “weather” in the left tree then left clicking
on “Reports” and choosing “Print/View Input Data”
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% Weather Reports pX

Design
[ Design Parameters and MSHGs

[ Design Temperature Profiles

[ Design Temperature Profile Graph For:  |July -
[ Design Solar Profiles Far: [July -
Simulation

I Simulation Weather Data Summary

IV Simulation Weather Profiles From: ﬁug, 23 v] To: DUERIEN + |
[ Simulation Temperature Profile Graph From: [J-ﬁr‘l 1 ] To: [Dec. 21 I
To: IJ an, 1 __l

Restore Defaults Print... Preview... Can _J Help

[ Simulation Solar Profile Graph From: Pﬁ”- 1

ASK FOR SIMULATION
WEATHER PROFILES
FOR AUGUST 18-31°".
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Monday, August 23
Hour Dry-Bulb Wet-Bulb Beam Solar Total Solar
{"F ) {*F) on Horiz. on Horiz
{ BTUI{hrit?) ) ( BTU/{hr-£))
0000 78.1 75.8 0.0 0.0
0100 775 754 0.0 0.0
0200 77.0 15.7 0.0 0.0
0300 76.8 754 0.0 0.0
0400 76.5 75.0 0.0 0.0
500 770 74.4 0.0 0.0
0600 806 76.6 6.7 21.6
0700 837 78.0 336 789
0800 86.0 79.2 548 1325
0500 896 776 041 191.4
1000 903 77.8 S04 214.0
1100 896 F 4 97.0 232.0
1200 91.4 77.0 110.1 2413
1300 91.0 76.7 124.4 2385
1400 91.4 77.0 119.6 2134
1500 896 76.5 85.1 161.5
1600 .5 766 50.3 101.0
1700 86.0 76.8 14.1 366
1800 806 76.6 0.0 0.6
1900 80.2 76.4 0.0 0.0
2000 78.8 76.1 0.0 0.0
2100 7886 76.1 0.0 0.0
2200 777 75.6 0.0 0.0
2300 77.0 75.7 0.0 0.0
Tuesday, August 24
Hour Dry-Bulb Wet-Bulb Beam Solar Total Solar
{°F) {°F) on Horiz. on Horiz
( BTU/(hrt3) ) { BTU/{hr-f) )
0000 77.0 75.7 0.0 0.0
0100 76.6 75.2 0.0 0.0
0200 77.0 75.7 0.0 0.0
0300 77.0 744 0.0 0.0
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Workshop 2 — Editing Schedules

This workshop focuses on editing the previously created schedules from our system
design load calculations and were included in the retrieved archive. Please add the
following profiles to the schedule as noted:

Lights Classroom_Schedule

Add Profile #4 — Energy Weekday
Hours  00-06: 05%
07: 25%
08-11: 90%
12: 05%
13-15: 90%
16: 40%
17-23: 05%

Add Profile #5 — Energy Weekend
Hours  00-23: 05%

On the Assignments tab, assign Profile #4 to Monday thru
Friday in all months except June and July. Assign existing
Profile #2 from the design load phase to Monday thru
Friday in the month of June only. Assign existing Profile
#3 to Monday thru Holiday for the month of July only.

Assign Profile #5 to day types Saturday, Sunday, and
Holiday for all months except July. Refer to Figure 2.1 for
additional details.

Figure 2.1 - Schedule - Profile Assignments-Lights
Classrooms
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(0 Schedule Properties - [Lights
E edule Type | Hourly Profiles
I

M | Click and Drag

>

Design

J

1

4
Tue. 4
Wed. 4
Thu. 4
4

5

5

5

Fri.
Sat.

| Sun.

Lﬂu‘ltﬂh&-hh_};ﬂ-'

(X IS S, O N A N B e ]
Non|a|es|s|ls|s|s|=X
Ao ||| |-
alajaiNninNv|NiNN
oo |en| o ||| sl | =
a|lalea|lalea(lajla|l=00
Al |o|e|ls|o o)==
ao|lo|la|lale|lala|lso

(LSS A I I I

Hobidiag 7Piofile Seven 8 Profile Eight

Use the mouse of the arrow keys o select a | :] ll
Block of cells and maﬁrﬁ of Chok | i
a profile to ass o those months. |

Help

Click OK when finished
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People Classroom Schedule THIS ONE IS DONE
ALREADY IN THE ARCHIVE

Add Profile #4 — Energy Weekday
Hours 00-06: 00%
Hour 07: 10%
Hours 08-11: 90%
Hour 12: 10%
Hours 13-15: 90%
Hour 16: 25%
Hour 17: 10%
Hours 18-23: 00%

Add Profile #5 — Energy Saturday
Hours 00-07: 00%
Hours 08-12: 10%
Hours 13-23: 00%

On the Assignments tab, assign Profile #4 to day types Monday thru Friday in all
months except June and July. Assign Profile #2 to day types Monday through
Friday for June only and Profile #3 to Monday thru Holiday in July only plus Sunday
and Holiday for all twelve (12) months.

Assign Profile #5 to day type Saturday for all months except July. Refer to Figure 2.2
for details.

Figure 2.2 - Schedule—Profile Assignments-People-Classrooms
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Mon.
Tue.
Wed.
Thu.
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Here

1 Click i

Fr
o Click and Drag

g
3

Ao
se the mouse or the armow keys to select a

Sun.

Holiday 13

1]

a

Wl wlwlw|wlwl—

B:Profile Six -

AN E I

[ 1 I N S N N I

]

3

wliwlo|e|la|lea|a|a|=|T
wlula|n| v |-

3

muq%mha-.n-hh-ﬁm

3

3

wlwlo(a|la|a|a|la|=|=

OCK Of cells and press a number Key or clic

profile oasmgm 0 hose ays montns.

? Profile Seven

B8:Profile Eight

Click OK when finished

The remaining schedules were completed and included in the retrieved archive.
They are shown below for reference only.

Schedule Profile Assignments Input Details

Lights - Classrooms (Fractional)

Hourly Profiles:

1:Design Day
Hour | 00 | 01 |02 |03 |04 | 05|06 |07 |08 |09 |10 |11 |[12[13[14[15[16[17[18 19| 20| 21 | 22 | 23
Value | 10 | 10 | 10 | 10 | 10 [ 10 | 10 | 10 [100|100| 100|100 100|100 100100 30 | 10 | 10 | 10 | 10 | 10 | 10 | 10
2:Summer School
Hour | 00 (01 ({02 |03 |04 | 05|06 |07 |08 |09 |10 11 [12[13[14 15|16 |17 |18 19 |20 21 | 22 | 23
Value | 5 5 5 5 5 5 5 5 |60 |60 |60 |60 |60 (|25 5 5 5 5 5 5 5 5 5 5
3:Summer Shutdown
Hour | 00 [ 01 |02 |03 |04 |05 (06|07 (08 |09 |10 (1112|1314 15[ 16 |17 |18 |19 | 20| 21 | 22 | 23
Value | 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
4:Energy Weekdays
Hour | 00 | 01 (02 |03 (04 (05|06 |07 |08 |09 |10 (11 [12[13[14[15[16 |17 |18 |19 ] 20| 21 | 22 | 23
Value | 5 5 5 5 5 5 5 5|90 |9 |90 |9 |5 |9 |9 |9|40] 5 5 5 5 5 5 5




5:Energy Weekends
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Hour | 00

01

02 | 03

04

05

06

07 | 08

09

10 [ 11

12

13

14

15| 16

17

18 [ 19

20 | 21

22

23

Value | 5

5

5|5

Assignments:

Design

Jan

Feb

Mar

Apr

May

Jun

[
=

Aug

Sep

Oct

Nov

Dec

-

-

-

=y

=y

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Holiday

ol ol o & & & & &

ol ol o & & & & & =

g g ] B B B B N

o o] ;o & B B S S

g ;| O B B B B S

g G G R N RN R NN

W W W W W W w w w

gl ) g &l A Bl B B~

o g ;] & B B OB b

g G G B B OB B S

o | O & A B B b

ol o o & & & & &




People - Classrooms (Fractional)
Hourly Profiles:
1:Design Day
Hour | 00 |01 |02 |03 |04 |05|06 |07 |08 |09 |10 |11 |12 |13 |14 [(15([16 |17 |18 |19 |20 |21 |22 | 23
value| 0O | O | 0| O | O] 0| O| 5 |100|100(100|100|100|100(100(100| 40 |10 0 | O | O[O | O] O
2:Summer School
Hour [ 00 {01 |02 |03 |04 | 05|06 |07 |08 09|10 |11 |12 |13 |14 | 15|16 |17 |18 (19|20 | 21 | 22 | 23
Value| 0 | O | O | O| 0| 0| O|O0O|40|40(40|40|40(|10| 0| O0O|O|O}JO|O]JO|O|OD]O
3:Summer Shutdown
Hour | 00 | 01 |02 |03 |04 |05 |06 |07 |08 |09 |10 |11 (12|13 |14 |15|16 |17 |18 |19 |20 |21 | 22| 23
value, 0| O|(O|O0fO|O|O|O|]O|O|J]O|O|O|O|O|]OJ]O|]O|O]|]O|O|O|O]| O
4:Weekday Energy
Hour | 00 {01 |02 |03 |04 |05 |06 |07 (08 |09 |10 |11 |12 |13 |14 | 15|16 (17 |18 (19| 20| 21 | 22 | 23
Value| 0 | 0O | O | O[O | 0| O |10]|9 |9 |9 |9 |10|9 |9 |9 |25|10|0|0|O0|0|O0]| O
5:Energy Saturday
Hour | 00 { 01 |02 |03 |04 |05 |06 |07 (08 |09 |10 |11 |12 |13 |14 |15 |16 (17 |18 (19 (20| 21 | 22 | 23
Value, 0| O/ O|O0|O|O0|O|O|10(|10|10|10|10| 0| 0]0]JO0|O0O|O0O|O|]O|lO|O]|oO
Assignments:
’_9 Jan Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec
Design 1 1 1 1 1 2 3 1 1 1 1 1
Monday| 4 4 4 4 4 2 3 4 4 4 4 4
Tuesday| 4 4 4 4 4 2 3 4 4 4 4 4
Wednesday 4 4 4 4 4 2 3 4 4 4 4 4
Thursday 4 4 4 4 4 2 3 4 4 4 4 4
Friday 4 4 4 4 4 2 3 4 4 4 4 4
Saturday 5 5 5 5 ] 5 3 5 5 5 5 5
Sunday| 3 3 3 3 3 3 3 3 3 3 3 3
Holiday| 3 3 3 3 3 3 3 3 3 3 3 3




People - Corridors (Fractional)
Hourly Profiles:
1:Design Day
Hour | 00 | 01 |02 |03 |04 |05 |06 |07 |08 |09 |10 |11 |12 (13|14 |15|16 |17 (18 (19 |20 | 21 |22 | 23
Value| 0 | 0O 0O | O | 0|0 ]| O |50/|100{100(100|100|100|100|100[(100|30 (10| 0| 0| 0|0 | 0| 0O
2:Summer School
Hour | 00 [ 01 [02 [ 03 [04 [05 [06 [07 [08 09 [10 [ 11 [12[13[14 [ 15[ 16 [ 17 |18 |19 | 20 | 21 | 22 | 23
Value | 0 0 0 0 0 0 0
ot ALL THE SCHEDULES SHOWN HERE
rour [00 || ARE ALREADY COMPLETED IN YOUR 18 [ 19 | 20 | 21 | 22| 23
Vave[ 0 I} ARCHIVE. | PRINTED THE INPUTS AS pfofofofole
4:Weekday Enef
cekdzy Enel SHOWN ON THESE FOLLOWING AR RETRETRETRET
vaiue| 0 || PAGES. 0ojo|o]o|0]o0
5:Energy Weekends
Hour | 00 | 01 {02 (|03 |04 (05|06 |07 |08 |09 |10 |11 (12 (13|14 |15 |16 |17 (18 (19 |20 |21 | 22| 23
Value| 0 0|0 |O0|O0o|ofjo|o]jJo|o|o|o|]o|o|o|]o|lo]|]o|O|O|O|O|O]|oO
Assignments:
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Design 1 1 1 1 1 2 3 1 1 1 1 1
Monday| 4 4 4 4 4 2 3 4 4 4 4 4
Tuesday 4 4 4 4 4 2 3 4 4 4 4 4
Wednesday 4 4 4 4 4 2 3 4 4 4 4 4
Thursday| 4 4 4 4 4 2 3 4 4 4 4 4
Friday| 4 4 4 4 4 2 3 4 4 4 4 4
Saturday 5 5 5 5 5 5 3 5 5 5 5 5
Sunday| 5 5 5 5 5 5 3 5 5 5 5 5
Holiday 5 8 5 5 5 5 3 5 5 5 ] 5




People IT Room (Fractional)
Hourly Profiles:
1:Design Da
Hour | 00 | 01 |02 |03 |04 | 05|06 |07 |08 (09|10 |11 (12 |13 |14 (15|16 |17 |18 |19 | 20 |21 | 22 | 23
Value| 0 | 0 | O | O|O| O] O|10]100| O | O 100 0 | 0O |100| O |10 O | O|O]O|O]|O
2:Summer School
Hour (00 |01 |02 |03 |04 |05 |06 |07 (08 |09 |10 |11 (12|13 |14 (15|16 |17 (18 |19 |20 |21 | 22 | 23
Value| 0 |O|O|O|O|O|O|O|O|40| 0| O0O|40)|)0|O0O|O|O|O|]O]O]J]O]O]O]|O
ssummer s SAPE THE'SCHEDULESISHOWNHERE
our
vawe| 0 | 0 | | ARE ALREADY COMPLETED IN YOUR oo o]o]o
Assignments:
. SHOWN ON THESE FOLLOWING 5 T Dec
oesion|| PAGES. 1
Monday ( 1
Tuesday 1 1 1 1 1 2 o] 1 1 1 1 1
Wednesday| 1 1 1 1 1 2 3 1 1 1 1 1
Thursday| 1 1 1 1 1 2 3 1 1 1 1 1
Friday| 1 1 1 1 1 2 3 1 1 1 1 1
Saturday| 3 3 3 3 3 3 3 3 3 3 3 3
Sunday| 3 3 3 3 3 3 3 3 3 3 3 3
Holiday| 3 3 3 3 3 3 3 3 3 3 3 3
Equipment IT (Fractional)
Hourly Profiles:
1:design
Hour | 00 [ 01 |02 |03 |04 |05 (06|07 (08|09 |10 |11 [12|13 |14 15|16 |17 |18 |19 | 20|21 |22 23
Value | 25 | 25 | 25 |25 |25 |25 |25 |80 |80 |50 |50 |50 |80 |70 |60 |50|[80|50|25|25|25|25/|25] 25
2:Summer
Hour | 00 [ 01 |02 |03 |04 | 05|06 |07 |08 |09 10|11 |12 |13 |14 |15 |16 (17 (18|19 |20 21| 22 23
Value | 25 | 25 |25 | 25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 (25 |25 25| 25 | 25
Assignments:
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Design 1 1 1 1 1 2 2 1 1 1 1 1
Monday| 1 1 1 1 1 2 2 1 1 1 1 1
Tuesday| 1 1 1 1 1 2 2 1 1 1 1 1
Wednesday 1 1 1 1 1 2 2 1 1 1 1 1
Thursday| 1 1 1 1 1 2 2 1 1 1 1 i
Friday| 1 1 1 1 1 2 2 1 1 1 1 1
Saturday 2 2 2 2 2 2 2 2 2 2 2 2
Sunday 2 2 2 2 2 2 2 2 2 2 2 2
Holiday| 2 2 2 2 2 2 2 2 2 2 2 2




Occupied Schedule - Classroom (Fan / Thermostat)
Hourly Profiles:
1:Design Day
Hour | 00 | 01 |02 |03 (04 (05|06 |07 |08 |09 10|11 |12 |13 |14 |15|16 |17 |18 |19 | 20|21 ] 22 23
Value| U UJU|JU|U|u|jOo|OoO|O|O|O|O|O|]O|O|O|O|O|JU|[U|U|ululu
2:Summer School
Hour | 00 | 01 |02 | 03 (04 |05 |06 |07 |08 |09 |10 |11 |12 |13 |14 |15 |16 |17 |18 |19 |20 |21 | 22| 23
Valuee, U | U|U|U|U|lu|jOoO|lO|O|O|O|O|O|O|U|U|U|U|JU|JU|JU|JU|ulu
3:Summer Shutdn Weg
Howr w014 ALL THE SCHEDULES SHOWN HERE  [B[= [z [=Tw
.e.— | ARE ALREADY COMPLETED IN YOUR
:Energy Weekdays
our 00 [ 01 [ ARCHIVE. | PRINTED THE INPUTS AS 19 [20 [ 21 22| 23
U
vavel v [ U 1} SHOWN ON THESE FOLLOWING piluiolo
O = Occupied; U = U PAG ES
Assignments: L
Jan Feb Mar Apr May un Jul Aug Sep Oct Nov Dec
Design 1 1 1 1 1 2 3 1 1 1 1 1
Monday| 4 4 4 4 4 2 3 4 4 4 4 4
Tuesday 4 4 4 4 4 2 3 4 4 4 4 4
Wednesday| 4 4 4 4 4 2 3 4 4 4 4 4
Thursday| 4 4 4 4 4 2 3 4 4 4 4 4
Friday| 4 4 4 4 4 2 3 4 4 4 4 4
Saturday| 3 3 3 3 3 3 3 3 3 3 3 3
Sunday| 3 3 3 3 3 3 3 3 3 3 3 3
Holiday| 3 3 3 3 3 3 3 3 3 3 3 3
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Workshop 3 - Modeling 4-Pipe Fan Coil Unit Air Systems
- Using the Equipment Wizard.

Launch the Equipment Wizard by selecting the Wizard item on the Menu bar and clicking
the Equipment Wizard on the list. See Figure 3.1 for details.

Figure 3.1 - Launching the Equipment Wizard

ﬂ HAP4S5 - [Using HAP 4.5 for Energ).('ArcHive 1 Unsol

Project Edt View Reports § Wizards | Help

2 = 53] m”ﬁ 3 Weather Wj

iy jUsiné OFETEEEE  Building W] Click Here
- Weather

Equipment Wizarc
----- Spaces
| g S_Estems Utility Rate Wizard &
@ Flents Full Wizard Session

@ Buildings

Next add the following spaces top the system. Assign spaces D100 through D114 to
the building and click OK. Refer to Figure 3.2 for additional details.

"« LETS EXAMINE SOME

“| SIMULATION REPORTS

-+ FROM OUR ARCHIVE AIR
| SYSTEMS INSTEAD OF

\ BUILDING A NEW ONE AS
SHOWN HERE...

o3 A T T oY o

. next Equ:pment Wizard Input screen

Spaces still exist in the unassigned spaces list on the left. This is OK, but please
make sure it is intended. Do you want to exit without assigning these spaces to
zones?

D105-South Vestibule .
D106-Classroom

D107-Classroom
D108-Music Auditonum

D109-Music Practice

D110-Music Files B
DH11-Music Office ! I 3es J@I e _J

D112-West Vestibule
D113-Comidor
D114-Conidor -

I OK‘ Cancel J Help J
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Figure 3.8 - Rerun and View all Air System Simulation Results

Reports Table | Graph | TXT Time Specifications
Monthly Simulation Results v v ™
Daily Simulation Results v v I For August R
Hourly Simulation Results v v ™ | From [ua25 +|to [Aug.25 |
Unmet Loads Report I
Zone Temperature Report v
Graph Specifications
v Precool Coil Load (KBTU) A Selectup to 3 data items for the
¥iTerminal Cooling Coil Load (kBTU) | gr'a_ph. All must have the same
Ventilation Fan (lWvh) uniis Ofgneasure:
Exhaust Fan (kWh)
Terminal Fan (KWh) — :
Vent Reclaim Device (kKV¢h) Not_e. Graph cptl-:n_s are only
Lighting (kWh) availakle when a single system
- s s g he has been selected and that
system was previously simulated.
iy |
Bestore Defaults Print... | Preview... Cancel Help |

LETS EXAMINE SIMULATION
REPORTS REFLECTING
OUR LOCATION
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System Simulation Reports Monthly, Daily and Hourly
Simulation Results

Monthly Air System Simulation Results

% Monthly Simulation Results for ALT1 - Whole Building
roject ame: TRINIDAD ENERGY UNSOLVED ARCHIVE 1 WK THRU
)y, CAMmier cerporation
Air System Simulation Results (Table 1) :
Terminal

Precool Coil Codling Coil Vent. Reclaim

Load Load|Ventilation Fan| Exhaustfan| Terminal Fan Device Lightng

Month (kBTU} (kBTU) (kWWhi {KWWh) (KWh) (KWh) (K¥Wh)
January B2 141110 227 161 578 47
February 128883 27 151 45
March 157589 281 174 55
Apnl 152568 238 159 S0
May 228 159 50
June 158 106 4
July 0 0 0
August 238 158 S0
September 238 159 50
October 238 159 50
lNovember 8963 250 166 53
December 8215 261 17 cs

Total 75909 1628050 2574 1716 541 171404

Air System Simulation Results
Electric

able 2):

January 3227
February 293
March 3252
April 3137
May 3235
June 1454
July 506
August 3238
September 337
October 3235
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Monthly Air System Simulation Graph

Monthly Simulation Results for ALT1 - Whole Building

10/19/2013

WK THRU

VED ARCHIVE 1

{SOL

Uk

ERGY

NIDAD EN

TRI

car

r cormpaoration

Project Name

Prepared by

Terminal Coaling Coil Load (kBTU)
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Daily Air System Simulation Results
Daily Air System Simulation Results for August (Table 1):

Daily Simulation Results for ALT1 - Whole Building
RUNIDA GY UNSOLVED ARCHIVE 1 WK THRU
Dally AIr System SImulation Rasults for August [Tabla ) :
Terminal
PracooiCodl| Cooling Coll vant Reclaim
Load Lozg| ventllation Fan gxnzust Fan| TerminaiFan Davic sl Lightinp|
Dz BETU! [¥ETU}) _kym} __[Kuin} eyl [RUIR [¥vvh
1 g 2555 g 0 5 0 394
H 3% E Frd 2 57
] z 73 2 a7
4 & 23 2 57
y 5 2 2 i
7l a 0 h: ; ;-
3 d a 0 ¢
g 417 1 5 23 2
12 443 z 23 2 =
n 3 X 2 5'
1z 5 2 2 &7
12 370 1 23 2 57
4 : : : 5 0 574
15 2 ] a 0 324
15 £18 5 px R =
7 43¢ 5 23 2 =
L 5 3 2 i
= 5 P 2 33
20 & ] 2 7
21 3 g g 0 570
o : : 0 324
23 & 23 r 571
24 z px 2 g4
= 2 3 2
i 2 P 2 =
o g n 2 -
= - : : 3 o
3 9 0 0 =]
W 453 2 11 g 3 2 57
3 0 0 g 2 324
Tots) LIl 163062 233 159 ] 50| 15843
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Daily Air System Simulation Results

L=

Daily Simulation Results for August

[4]
Terminal Cooling Coil Load (kBTU)-
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Precool Cail Load (kBTU)
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Hourly Air System Simulation Results

Hourly §ip1t_}latiu:_rl1 RQ_SL_Il(S for ALT1 -\Whole Building

GY UNSOLVED ARCHIVE

Tablz 1.1 Hourly A1r $ystam Simulstion Rasults for VWagnasdzy . Aupgust 25
Tarminzl

PracociColl| Cooding Coll Vent Reclaim
Load Lozd| ventiiation Fan| ExhaustFan| TerminalFan Davizs Lighting
Hour [MBH) [MEH] [IAN) LA LA (VY [BVY
[<Cede] 0.0 57.9 g 0.0 Qs 00 237
0.0 a0 0.0 0s aq 3T
18.7] a8 14 g2 237
18 a2 08 < 02 23 §
21.6 a9 DE : 02 2.0
420 a3 0E 3 0.2 23§
e 504 as : 02 239
1200 837 a9 < 0.2 24 1)
1302 506 a9 L 02 239
1400 54,2 29 ” 2 e
1500 318 09 '3 12 22: L

1500 50 29 & s 02
] 33s a9 0§ L 02 3
1500 0.0 0Q 090 ¥ ] :::'
1900 00 0d 00 a4 00 23 7]
2000 0.0 cd 0Q ¥ o ; ;. 7
2100 00 00 04 0e 00 237
Total 4732 SO5T 5 11.3] 75 230 24 ST13
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Hourly Air System Simulation Results Graph

Hourly Simulation Results for Wednesday, August 25 (day 237) thru Wednesday, August 25 (day 237)

Precool Coil Load (IMBH) Terminal Cooling Coil Load (MBH)

' ' . ' ' '

- ' | — ' '
—t .

350-" B -..-_:._.._J_‘_‘:-_:

T
"
5
0
"
"
"
'

300+

250 e
fan) 200 - ' ; : 1
= [ 1

1504 beses ek

100-- ’

0
'
'
i
'
'
B . -
'
'
'
'
'

50

R S iy T R A T Mg

b e S e S AU S A S D IR TN SR e B e S R

e et G TR I ) S ———

s

I

1 | I | I I | I | I |
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21
Hour of Day

Zone Temperature Report
1. Zone Temperature Statistics

L
|
|

|
22 23

Zone Temperature Report for ALT1 - Whole Building
P HSOLVED ARCHIVE | vk THRY
1. Zone Tenperaure Statistics
Oce QOcc Occ Oce Occ QOcc QOcc Occ QOcc Unocc Unoce Unocc
Hours Hours| Cooling Hours| Heating Hours Hours Cooling
IMore Than| 1.0to| Setpoint Within| Setpoint 1.0 to|More Than Setpoint|

50°F 5.0 °F plus Throt. minus 5.0 °F 5.0°F Min Max plus Min|

Above Above Throt| Ranaeor Throt Below Below Zone Zone; Throt Zone|

Throt Throt. Dead- Range Throt Throt. Temp Temp Ranae Tenp
|Zone Hame Range Range band (°F) Range Range {*F) (°F) {°F) {°F)
D100 - iT Room 0 0 2724 68.5 0 0 e 823 835 82.2
D101 - Classicom ] 2417 307 63.5 0 0 725 829 83.5 78.1
D102 - Classrocm 0 2417 307 885 V] 0 7258 829 835 781
D102 - Classroom 0 2417 307 855 ] 0 72.5 g29 83.5 781
D104 - Classioom 0 1503 1221 83.5 0 0 7258 328 835 79.5
D105 - South Vestibule 0 0 2724 €8.5 0 0 724 824 83.5 773
D106 - Classroom 0 1158 1566 685 0 0 725 828 83.5 76.2
D107 - Classroem ] 2119 6805 €58.5 ] 0 72.5 828 83.5 78.0
D108 - llusic Reom ] 2556 168 635 0 0 72.3 829 335 769
D109 - Liusic Practice 0 152 2572 B88.5 0 0 724 2.8 33.5 7786
D110 - [lusic Files 0 1385 1339 365 1] 0 725 827 83.5 8 76.5
D111 - liusic Otfice ] 1 2723 88.¢ 0 0 726 827 83.5 83 794
D112 - Vest Vestbule ) 0 2724 835 0 1} 725 824 838 835 773
D113 - Cormgor 13 2591 120 68.5 (] 0 727 828 83.5 63.5 750
D114 - Corror 48 2576 7335 102 885 0 0 72.7 82.7 835 835 749

Hote: For any accupied hours i which cooling is unavailabie or scheculee off. zone temperature out of Ange statistics are not reperted
Hote. For any occupied nours in which heating 1$ unavatabie or scheauled off. Zone temperature out of range statistics are not reported

Note: For any occupied hours in which cooling is unavailable or scheduled off, zone temperature out of range statistics are not
reported.
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Workshop 4 Modeling Chillers, Towers, (Boilers), and Hydronic Plants

This workshop consists of entering primarily cooling plant information including detailed
performance on chillers, towers, (we will also cover boilers) and the distribution piping and
pumping.

There are several ways to enter the data into HAP. One option is using the Equipment Wizard
found in HAP. Utilizing this wizard creates not only the Air Systems but also the hydronic plants
that connect to the air systems. When we used the Equipment Wizard to create the 2Pipe FCU
air system in workshop 3 the wizard automatically created the Chiller plant for the air system’s
source of cooling and heating. Refer to Figures 3.3b and c for additional details. The wizard
created plants use the "auto-size” feature when creating the chillers.

We will now create specific chillers, and towers (and boilers) for our design alternatives.

The first step in this workshop is retrieving the second class archive which contains all air
systems for our design alternatives.

In the previous workshop #3, we used the Equipment Wizard to
Highlight and retrieve HAP v4.6 for Energy Simulation Archive 2 Unsolved into the existing
project and then save the project.

In this workshop we create several chillers, and a cooling tower. We will not create boiler
plants as would be done in most areas of the USA, we will just use electric heat in our air
systems for Trinidad.

HAP considers all the air systems assigned to the plant in determining the peak
coincident, or "block" cooling load, taking into account diversity on several levels. Diversity is
defined as the block load divided by the sum of the individual peak loads.

HAP considers diversity between the zones within an air system and between systems when a
plant serves multiple air systems. The plant design load calculation analyses the total plant load
(sum of air system loads) for each hour and finds the largest load. This analysis includes the zone
and air system diversity. When using air system multipliers for identical air systems, the resulting
plant sizing includes those requirements in determining the peak plant load.

HAP calculates the total building, project or campus block (cooling) load accounting for diversity
in sizing the plant and plant equipment.

We begin the process by determining the chiller plant sizing for the A Base Case and also
the C Alt #2 design Case. In the HAP main window, click on the Plant item in the tree and select
“create new plant” in the detail pane. Refer to Figure 4.2 for details.

Figure 4.2 - Create New Chiller Plant




_ [ENERGY SIMULATION]

{1 HAPA46 - [HAP 4.6 for Energy Simulatic
hen T — v

| Project Edit View Reports Wizards Help
s HuE@d = H

L HAP 4.6 for Energy Simulation Achive 2| | Plant

- EE wWeather

Double Click <New Plant>
to create a new plant

This opens the Plant Input form for data entry. Please refer to Figure 4.3 for A Base Case Chilled
Water Plant sizing procedure.

Figure 4.3 - Generic Chiller Plant Sizing Details

L2 Plant Properties - (A Base Case Chiller Plant Sizing
General 1 Systems ]_ Configuratior ] Schedule of Eqgpt | Distribution
Plant Name A Base Case Chiler Flamt S Enter the Plant Name and select "Generic Chilled
s B Bl P S Water Plant" from the Plant Type dropdown
Plant Type | Generic Chiled Water Plant - "
N-M___MNW‘“——:‘ ot e e e LSRNV |

Next click on the “Systems” tab and add the A Base Case air systems to the chilled water plant
and left click on the OK button. Refer to Figure 4.4 for details.

Figure 4.4 - Add “A Base Case” Air Systems to the Generic Chilled Water Plant
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~ General [

Air Systems with Chilled Water Coils +
Undefined Air Systems
AD1-AHUA1 - CommonsiOfiices
A02 -AHU A2 - Classroom/Misc
A03-AHU B1 - Classrooms
A04 - Project 1 - Gymnasium
AD5 - AHU C2 - Aerobic Gym

A06 -AHU C3 - Locker Rooms
AD7 -AHU C4 - Office/Classroom
AQ9 - Project 2 - Wir,2 D PFPMXB
A10-AHU D2 - Cla:} rooms

L Configuration i Schedule of Eqpt i |

Distribution

Plant Serves These Systems

AD1-AHU A1 - Commons/Offices

A02 - AHU A2 - Classroom/Misc

A03 -AHU B1 - Classrooms

AD4 - Project 1 - Gymnasium

AD5 - AHU C2 - Aerobic Gym

A06 - AHU C3 - Locker Rooms

AQ7 - AHU C4 - Office/Classroom

409 -Project2-WingD PFPMXB | 1|
A10-AHU D2 - Classrooms

2 Click the Add button

4_Click OK when finished

1 Highlight "A" designated Air Systems on list

3. Systems are assigned to the Chilled Water Plant

B10-AHU
C01-4PFCU D1 - WingA(all) v

Assign selected system Lo the plant

Cancel |

Help

This takes us back to the HAP plant screen showing the newly created plant on the list. Highlight
the plant and use the right mouse click then select “print/view design results” from the selection
list. Refer to Figures 4.5 and 4.6 for additional details.

Figure 4.5 - Calculate Chiller Plant Design Load

R7) HAP4S - [HAP 4.5 Advz

Project Edit View Reports Wizards Help
e EmEE = B BX W oarEEEaeE ?
(1] HAP 4.5 Advanced Archive 2 Solved Plant Right Click Type Sizing Stalus Simulation Status
T Wealher E21 <New defaul Plants Sfesml
& Spaces 1A Base Case Chiler Flant Sizmg;Generic ChiledWater glblatcizad ______Lhiciioicd riugin|
[&] Systems \ Duplicate
[E9) Plants
[y Buildings Delete
=-8 E[oiecl Libraries
[} Schedules Print Input Data
@ Wals View Input Data
E‘ﬂ Roofs i
' ? Windows IPrintN'lew Design Resultsi(ﬁ_
~[f Doors - = 1
‘@ Shades Print/View Simulation Res{
: Chiller | Properties
,.,..."@,,—ﬁ R — et IR ol LNt i e TN,
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Figure 4.6 - Select Print/View Design Results — Cooling Plant Sizing Summary
Plant Design Reports ™ R b o

Report Options and selection

[ Reports Table| Graph Time S pecifications

|Canling Plart Sizing Summary v 1 -

Heating Plant Sizing Summary | [ " - -
Hourly Chiller Load Profiles =T - e =

1. Select Cooling Plant Sizing Summary Table Report
2. Click the Preview Button

Cancel Help

Restore Defaults Print... 2 )

Review the follow details for the plant sizing.

Plant Sizing Summary for A SIZING

TRINIDAD ENERGY ARCHIVE 2 UNSOLVED 2017 wk thru 07/,
carner
1. Plant Information:

PIANENBIME |t sesees s eesses e eees A SIZING

Plant Type ....... ...... Generic Chilled Water

Design Weather . " "Port of Spain, Trinidad & Tobago

2. Cooling Plant Sizing Data:
Waximum PIant Load .............cc.cooooeiueeveireciececeeeeeecee e, 2676 TONS
Loadoccurs at ......... . Sep 1500
O v i s siha dmase Robmsnpassonge b asmermsnas s gpametntsatas 2226 ft¥Ton
Floorareaservedbyplant ... ... 595530 12
3. Coincident Cooling Loads for Sep 1500
System
Cooling
Coil Load
Air System Name Muit. [Tons]

A01 - AHU A1 - Commons/Offices
AQ2 - AHU A2 - Classroom/Misc. 403
A03 - AHU B1 - Classrooms 445

1] 456
1
1
A04 -Project 1 Gymnasium 1 426
1
1
1
1
1

A0S - AHU C2 - Aerobics Gym 15.1
AQS - AHU C3 - Locker Rooms 30.2
A07 - AHU C4 - Office/Classroom 11.9
A9 -Project 2 -Wing D PFPMXB 18.4
A10 - AHU D2 - Classrooms 19.1

Air system loads are for coils whose cooling source is * Chilled YWater " or* Any
System loads are for coils whose cooling source is * Chilled Water ' or ' Any ",
Figure 4.7 details the chiller plant sizing summary for the A Base Design Case air systems.
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The resulting peak plant load for the “A Base Case” is 268 tons. This peak load includes diversity
as discussed above. For our “A Base Case” design we decide to use two (2) equally sized
air-cooled chillers in our chiller plantWith the maximum plant load determined, we can select
specific chillers for the chiller plant. This is accomplished in one of several ways. For our exercise
we selected the chillers in the e-Cat Chiller Builder program. After finalizing the selection, we
exported the chiller data for use in our project. This allows us to import the actual chiller
performance for a detailed energy analysis of the chiller plant. Copies of the chiller data files are
on the accompanying flash drive.

Air Cooled Chiller Selection
Design based on the following parameters.

Quantity: 2 Air-Cooled Packaged Rotary Screw Chillers
Capacity: 140 Tons each at 95° F plus a safety factor of 15%
LCHWT: 44° F

ECHWT: 56° F

Figure 4.8 - Details of Chiller Selection using e-Cat Selection Software.

7

[3. Product Wizard - Choose Model

(@ Describe Chiller Model

Chiller Type: |Cooling Only

AQUASNAP

T ——

A

A'M_EP_EFE ] Compressor Type: |Any Compressor /
Condenser Type: |Air Cooled /
Refrigerant Type: |Any Refrigerant /
Voltage: |460-3-60 /
Unit Model: |Any Model /

Efficiency: |Premium /

Unit Size: |Any Size

" Select Chiller Mode
Voltage®

Unit Model: ] )/

Select radio button to "Describe Chiller
Model" and filter the chiller model by
selecting items from the drop downs

Help 1- Cancrel ‘ JI Next = Ei | :

Run the calculations and generate the Chiller Performance Report.

LT gelgelstizeistist 5]

See following page for details.
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AquaForcem air-Cooled Screw Chiller

Unit Information

Tag Name___ B Alt 1 AIC Chillers Performance Information
ModelNumber____ = 30XA140 Cooling Capacity: 1333 Tons
Quantity- 1 Total Compressor Power_ _ 1337 kW
Manufacturing Source:__Charlotte, NC USA Total Fan Motor Power: 123 kW
Refrigerant. R134A Total Unit Power (without pump)—______146.6 kW
Independent Refrigerant Circuits_ il Efficiency (withoutpump)—___________10.91 EER
Shipping Weight: 10497 b A-Weighted Sound Power Level- 101 dbA
Operating Weight— . 10629 b
Unit Length; 236 in Accessories and Installed Options
Unit Width- 89 in Freeze Protection
Unit Height- 90 in Micro Channel
XL Starter
Evaporator Information Single Point
Fluid Type.__.____ . Fresh Water No Coil Trim Panels
Fouling Factor; 0.00010 (hr-sgft-FIBTU Touch Pilot Display
Number of Passes: 2
Leaving Temperature:__ 440 °F Electrical Information
Entenng Temperature__ P ' | N Unit Voltage: 460-3-60 V-Ph-Hz
Fluid Flow: 318.7 gpm Connection Type:_________ Single Point
Pressure Drop: 133 ft Minimum Voltage: 414 Volts
Maximum Voltage: — 506 Volts
Condenser Information
Altitude: 564 Electrical Electrical
Number of Fans- 10 Amps Circuit 1 Cireuit 2
Total Condenser Fan Air Flow—____93000 CFMm MCA 267.3 e
Entering Air Temperature: — 950 °F MOCP 400.0 L
ICF 10304 -

Integrated Pump Information
No Pump Selected
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WE MADE A SELECTION IN THE
CARRIER CHILLER BUILDER FOR A 140
TON CHILLER. IT IS IN THE “3. CHILLERS
FOR IMPORT” FOLDER ON YOUR
DESKTOP
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Entering Chiller Performance Data

There are three (3) methods to enter chiller data into HAP.

1. Import Chiller

2. Chiller Template

3. User Defined Chiller Type

In this Workshop, we enter chiller data using method 1 and method 2. We will demonstrate

method 3 but not use it in a workshop.

For our Air Cooled Packaged Screw Chiller we selected using the Packaged Chiller Builder
program, we have included in your flashdrive a file that contains the detailed chiller performance
for use by HAP. To import the actual performance matrix of our chiller for use in our plant model
E we use the “Import Chiller” method in the chiller properties input form. Refer to Figure 4.9a
through Figure 4.9d for details.

0 We placed the Chiller Export Archive file on the accompanying Flash Drive. To Import this chiller
N for this exercise open the chiller properties form and Double Click on the “New Default Chiller” in
the chiller Library, then click on the Import Chiller button as detailed in Figure 4.9a.

Figure 4.9a - Chiller Input Form — Import Chiller Data
£y Chiller Properties - [Sample Chiller].

General I _ Design Inputs

Chiller Name: [§ample Chiller

Chiller Type |wiC Centrifugal

Notes:

Data Source; User Inpul

I Cancel |

Import Chiller Performance from a Chiller Selection Program

Navigate to your desktop go to the chiller tab and select the “ 30 XA 140” Click the OPEN
button to import the chiller into HAP.




_ [ENERGY SIMULATION]

Figure 4.9b — Chiller Properties General Tab — Imported Chiller Data

54 Chiller Properties - [Chillerl

Design Inputs Performance Map

General

Chiller Template... |

Chiller Name: |Chiller1

- Import Chiller... |

Chiller Type: [NC Packaged Screw

Notes: Data generated by Carrier Electronic Catalog Selection _ -

Program,

Data Source: hmporled Data

Click Ok to accept changes

Note: The Chiller properties are imported from the archived file and include all selection design
inputs and calculated performances for IPLV and NPLV using the full operating matrix of the

chiller.

We should rename the default Chiller1 name to something that makes more sense i.e. “A
Base Case AC Chillers” or similar.
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Figure 4.9¢c - Chiller Properties Design Inputs — Imported Chiller Data
% Chiller Properties - [AA BASE AIR COOLED]

General T Design Inputs T Cooling Performance T
Name: (A4 BASE AIR COOLED Chiller Template... |
Equipment Function: |Chiner (Chilled Water Only) j Impart.. l
Equipment Type: [/ Packaged Screw -
Notes: Data generated by Carrier Electronic Catalog Selection
Program
Data Source: Fmponed Data

Name

| OK | Cancel Help

Max. Characters: 35

Note: All data is part of the import file.
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Figure 4.9d — Chiller Properties Performance Map — Imported Chiller Data

{44 Chiller Properties - [A Base Case A/C Chillers]

L ~ General | Design Inputs | Performance Map!

| Map data was imported from Electronic Catalog. |

Click Here |\When Finished |

OK i Cancel [ Help |

Chiller Name Max. Characters: 35

Next, let's run the plant block load on the “C” air systems.
Use the following information for modeling the water-cooled screw chiller for the C Alt 2 design.

Now calculate the design load for the “C” Alt-2 chiller plant.

Note: The calculated load for C Alt 2 is 21 3.2 TONS.
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Figure 4.10 — Non-Integrated Part Load Value C Alt 3 Water-cooled screw

Figure 4.10 - Non-IntegratedPartLoad Value
Integrated Part Load Value (ARI)

T RO | | < | hw.@n,zh22¢5TONS

Unit Performance
Percent Full Lo=sd Cooling Capacly, % 100 ] 50 25
[Ferceniof Full Load Fower, % 000 516 36.9 2%
Unloading Sequence Default Default Defsult Default
Cooling Capacity, Tons 2275 166.9 1113 200
[Total Uni Fower, KV 1477 910 Dé.& 43.0
Efficiency, EER 18.08 22.02 24.52 19.01
Effcency. KA Ton 0.664 0.545 0.489 0.774
Evaporator Data
FogErero e THIS IS A SCREW CHILLER SELECTION FOR USE '
FudFewreiz g WITH THE “C” AIR SYSTEMS. NOTICE WE HAVE i
o] THE QUARTER POINT DATA (PLV). THIS DAT -
= f;‘;i’;‘g{:: CAN REFLECT ANY BRAND OR TYPE OF WATER- |,
iocli Zste.a?; COOLED CHILLER YOU WANT TO MODEL. 2
ouling Factor, [ dese—— - T T T

Double click “Mew Default Chiller and we will enter th chillerforthe “C” air systems into HAP
using method# 2, the “Template™ method which uses a guarter point PLV approach. Enterthe
IPLV datafrom Figure 4.10 as detailedin Figures 4. 11athrough 4.11e.

Figure 4.11a—-Define Chiller PartLoad Performance Method # 2 “Template” method.

Figure 4.11b — Chiller Template Design Inputs
Figure 4 11b - ChillerTemplate Design Inputs

e s

Chdler Tempilate IW/C Packaged Screw
Full Load LCHWT LOPF
Full Load ECWT Il ssoJr

i Full Load Capacy I 2223 [Tons

Full Load Power @) 0.668 [‘k'f‘d“f‘"l -

g, . 1 CONFIGURE .
Min ECWT Setpomt L] g
- 664/.545/.489/.774
Manermiorn Load 150 :I:
. KW/TON
HNumber of Part-Load 4
Data Pomts
1. Select W/C Packaged Screw from Chiller Template dropdown
2. Enter Full Load and Minimum Load data

J. Enter the IPLV Part Load Performance data _f‘.-h' Canced Hein
4. Click OK after entering all chiller data into chiller template b :

Chidler input pawer for groen pan-Joad and temp M 0 100 kWiTon Max 5 000 k¥ Ton
L | . ;| L]

Figure 4.11c - Chiller Properties General Tab Template Data
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{4 Chiller Properties - [C Alt 2 WC Packa

General Design Inputs [ Performance Map

Chiller Name: |CAIt2 WC Packaged Screw Chiller Chiller Template... |

Chiller Type: |WiC Packaged Screw | Import Chiller... '

Notes:

Performance data was generated using the Chiller -
Template option.

Data Source: [Templale Data

Figure 4.11d - Chiller Properties Design Inputs Tab
Figure 4.11d- Chiller Properties Design In 534 EVAP GPM 667.6 :

- - —- e — — o
T8 Crvies Propertes - 1 At 2 W/C Criled] CONDENSER GPM
[ ]_ Design Inputs I
Fluid Temperatures Flow Rate{s) |
Full Load LCHWT o 5 Cooler Flow Rate 8335 [gom - i
Filt Loast ECWT T Bo 5 Condeeser Flow Rate wes [om = |
B -
B Capaciny Conarols and Features I s
Auro-Sere Capacty Kewrum ECWT Setpont [ e 't | ¥
Fidll Load Capacy 223 Tons Marwmum Load 150 %
Hot Gas Bypass
input Power
Full Lass Pawer o4t [xviTon E Design inputs came from Chiller Tomplate
} Input performad in previous step. |
|
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Figure 4.11e — Chiller Properties Performance Map Tab

' B chiller Properties - [C Alt 2 W/C Chiller] e
4 2 i 2 gk e
i ——— P — gt — |
General i B Designlnputs I {Performance Map|
*'_ Chiller Performance (KW/Ton) N _ | Condenser Temp.
‘ ECWT |MaxCap | 100% 75% 50% 25% Rows !
i [ 900 | 0721 | 0721 | 0705 0760 | 1203 [5
| [ 850 | 0664 | 0664 | 0648 0700 | 1107
{ | 800 | 0610 | 0810 | 0595 0642 | 1016 Part Load Columns
| | 750 ; 0558 | 0558 | 0545 | 0588 | 0931 E
' | 700 | 0510 | 0510 | 0498 0537 | 0850 :
65.0 0464 = 0464 0.453 0489 0774
b Performance
[ LCHWT Factors
| | i : = 0.00300
Chiller Caglacity (Tons 8 :
ECWT | Max Cap ] % 25% b=[ 0.00000
[ 900 | 2223 | iz §i 556
| 850 | 223 ; (1112 | 558 Capacity LCHWT
|1 800 | 2223 | P 1112 || 556 Factors
750 | 2223 111.2 55.6
700 | 2223 i 112 \ 556 A= R !
65.0 2223 111.2 556 = lm
\ |
k Chiller Performance and Chiller Capacity
generated by the chiller template inputs
Cancel ‘ Help J
Chuller Capacity for given part-load and lempera(ure Min: 3.0 Tons 7 Max: 5000.0 Tons

bove mputs are IPLV ratmg pomts based on 44/56 LCHWTIECHWT with adjusted Cooler and
Condenser Water flow rates.
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Cooling Plant Sizing Summary Comparison Class Discussion

The maximum plant load for the water-cooled design case using air systems C1-C8 is

213.2TONS . Note that some of these air systems are fan coil units with DOAS (common
vent).

For the air-cooled design case using air systems A01-A10, the plant load was 267.6 tons.
Some of these air systems are VAV. Both plants serve identical 59,553 ft? areas.

What contributes to the load difference between the plants? They have the same area, spaces,
walls, roof, glass, and people.

We find the answer by comparing the Air System Design Load Summaries for the two plant types.
(Not done as part of this workshop).The air-cooled chiller plant requires more ventilation air than
the water-cooled chiller plant. But the primary reason for the tonnage difference is the FCU
system using DOAS requires less total OA to comply with ASHRAE.

We selected the ASHRAE 62.1-2007 Ventilation sizing for all air systems in both plants. However,
each VAV air system serves multiple zones requiring the use of the critical space equation for
VAV systems in order to satisfy the critical zones requirements and comply with ASHRAE 62.1-
2007. The difference in the design cases results in a sizeable ventilation air load reduction.

Entering Cooling Tower Performance Data

Next, we need to verify the cooling tower performance for our water-cooled chiller. Before we do,
there are several important terms definitions related to cooling towers including:

1. Entering Wet Bulb temperature is an important parameter in tower selection. For most
areas in North America, an entering wet bulb temperature of 78°F is common. For our
exercise we will use 79F wet bulb

2. Approach is the difference between the water leaving the tower and the entering wet bulb
temperature of the air. A 6°F approach is what we will use for HVAC systems with a 79°F
entering wet bulb and 85°F water leaving the tower. (85°F - 79°F = 6°F)

3. Range is the difference in temperature of entering and leaving condenser water. An
approximate 6°F range reflects approximately 3 gpm/ton flow rate in the condenser loop.

Check with your local cooling tower representative to confirm the design entering wet bulb and
approach values for your area. The tower range must match the chiller condenser AT.

1. Create a new cooling tower by opening the Cooling Tower Properties form.

2. Enter the cooling tower data found under the Chiller Properties Design Input Tab in Figure
4.11 D.

3. See details in Figure 4.12.
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Figure 4.12 - Cooling Tower Properties for C Alt 2 WC Screw Chiller

' Cooling Tower Properties - [C TOWER] [——
Name: |C TOWER Cooling Tower Model
Design Wet Bulb: [ 790 °F
| 668 CONDENSER GPM Range at Design: [ 100 °F
Design Approach: [-_6.0 i
T Geo, Well, of Surace waler . Full Load Fan kw: I 0.050 |kaTon hd

Configuration

oK | Cancel |

Fan Control
Water Flow Rate I 3.000 [gpmion ~| Vi il ool
an Electrical Efficiency: | 94.0 %
CONFIGURE THETOWER | 7 "0 0 ™
FOR 79 EWB, 10F RANGE,
6F APPROACH
N

Help

Type of Minimum Setpoint Control

inCEr Entering Boiler Performance Data

We are now ready to size our boiler plants a
Base Case boiler load as detailed in the follo
s Generic Hot Water Plant and link all “A” desig

ir systems.

Figure 4.13a Generic Hot Water Plant
L% Plant Properties - [A Base Case Boiler Plant Sizin

dd boilers to our library. We start by sizing our A
igures 4.13a through 4.13c. Create a new

General | ssems || WE WILL NOT CONFIGURE
ANY BOILER PLANTS SO
Plant Name |& Base Case Boiler Plant Sizing D|SREG ARD ALL BO"_ER
Pint Ipe  [Goneie e P INPUTS GOING FORWARD
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Workshop 5 Inputs
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Workshop 5 - Configuring “Final” Chiller

Plants

We created 2 chiller plants in our previous workshop, a chiller plant for our A Base Case and our

C Alt 2 Design, as displayed in Figure 5.1.

Figure 5.1 — Chiller Plants Created in WS4.

Plant Flant Type

Sizing Status | Simulation Status

et <Mew default Plant>
5414 Base Case Chiller Plant Sizing
=8l 2 Base Case Hot Water Boiler
531 C 4t 2 Chiller Plant Sizing

58] C Alt 2 HW Boiler Plant Sizing

Generic Chilled W ater
Generic Hot Y/ ater
Generic Chilled ‘W ater
Generic Hot Water

What is a Plant?

NO BOILER PLANTS FOR
OUR PROJECT FOR
TRINIDAD TRAINING

A Plant is the equipment and controls that provide cooling or heating to coils in one or more air
systems. Examples include chiller plants, hot water or steam boiler plants and remote source
chilled water, hot water or steam plants. This workshop consists of finalizing the two chiller plants

in Workshop 4.

The base design case chiller plant consists of two Carrier 30XA 140 A/C (air-cooled)
packaged screw chillers. The air systems served by this plant include all “A” designated
air systems with chilled water coils. The configuration of the chiller plant is two chillers in
sequence. The pumping and piping distribution system is a primary only with variable
speed pumping and sized for a 12°AT with 2% piping heat gain factor.

The “C Alt 2” chiller plant serves the “C” designated air systems. This plant consists of
one 222.5 ton water-cooled screw chiller and a matching cooling tower. The pumping and
piping distribution system is a primary only variable speed system sized for a 12°AT and

2% piping heat gain factor.

Figure 5.2a — A Base Case Chiller Plant Data

% Plant Properties - [A Base Case Chiller Plant Sizing]

Systems

DOUBLE CLICK ON “A BASE”
PLANT AND CHANGE FROM
“GENERIC” TO “CHILLER
PLANT”.

1. Change Plant Name to A Base Case 2-30XA AIC Screws
2. From Plant Type dropdown, select "Chiller Plant”

Plant Name @IA Base Case Chiller Plant Sizing

Plant Type | Generic Chilled Water Plant

Figure 5.2b — A Base Case Air Systems




[ENERGY SIMULATION]

General

Configuration

1 Schedule of Eqpt.

Distribution

Air Systems with Chilled Water Coils

A01 -AHU A1 - Commons/Offices

A02 - AHU A2 - Classroom/Misc

A03 -AHU B1 - Classrooms

AD4 - Project 1- Gymnasium

A05 - AHU C2 -Aerabic Gym

A06 -AHU C3 - Locker Rooms

AQ7 - AHU C4 - Office/Classroom

A09 - Project 2 - Wing D PFPMXB

A10 -AHU D2 - Classrooms

B01-AHU A1 - Commaons/Office

B02 -AHU A2 - Classrooms/Misc

B03 -AHU B1 - Classrooms

B04 - Project 1 Gymnasium

BO5 -AHU C2- Aerobic Gym

BO6 - AHU C3- Locker Rooms

B07 -AHU C4 - Office/Classroom

B09- Project2- WingD PFPMXB

B10-AHU D2 - Classrooms
C01-4PFCU D1 - Wing A{all)

%5 Plant Properties - [A BASE CASE CW PLANT SIZING]

Figure 5.2¢c — Base Case Plant Configuration

Plant Serves These Systems

[FoT-ARUAT - Commons/Offices

A02 - AHU A2 - Classroom/Misc
403 - AHU B1 - Classrooms

1404 - Project 1 - Gymnasium
A5 - AHU C2 - Aerobic Gym

IADG -AHU C3 - Locker Rooms
IAD7 -AHU C4 - Office/Classroom
IA09 - Project 2 - Wing D PFPIMXB
A10 - AHU D2 - Classrooms

P N N N S e e N |

Pre-assigned "A Base Case” Air Systems,

General | Systems i

| Configuration | Schedule of Eqpt. |

Distribution |

—
—
—

[ Use Free Cooling

Equipment
Chiller Sizing |User-Specified Capacities
Mumber of Chillers Wﬂ | v
Cooling Controls
Plant Contral [Equal Unioading j
LCHWT Control [Constant LCHWT =
Design LCHWT [T4a0 °F

=

Capacity Oversizing Factor

Cooling Tower

o

=l

jOne tower for each water-coaled chiller

Plant Type:  Chiller Plant

MNumber of units used in the plant

Min: 1

Cancel

Help |

Max 12

Figure 5.2d — Schedule of Equipment
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% Plant Properties - [A SIZING] g
= . 5 & = & WF .. 2 A EE W R ok = 2= -
General Systems _] Service Hot '.".'atel] Configuration ] Scheduleoqum.] Distribution T Cond Water
Full Load
g 2 Cooler Condenser ' Tower
Se E
quence quipment Capacity Flow Rate Flow Rate Cooling Tower Flow Rate
(Tons)
CH-1  |a air cooled import + 1333 318.7 gpm
P cH2 |aair cooled import | 1333 318.7 gpm

Figure 5.2e — Configure Plant Distribution

Plant Properties - [A Base Case

General T Systems | Configuration | Schedule of Eqpt. | Distribution  J|  Cond. Water :

|

Distribution System Fluid Properties |
Type  |Primary Only, Variable Speed ~{ 1 JName  [Fresh water =

Coil Delta-T at Design | Density ] 2.4 Ibift:

Pipe Heat Gain Factor Specific Heat | 1.00 BTU/(Ib-°F)
Pump Performance Units @
- I

Primary Loop
Mech Elec
Flow Rate (:”:“;) Efficiency | Efficiency
(%) (%)
Design 610.2 gpm 70.0 75.0 a0 [ 5

Control Head 10,0 ftwg
Minimum Pump Flow 500 % @

Minimum Chiller Flow 50.0 %

¥

1. Select Primary Only, Variable Speed from dropdown
2. Enter 12F Coil Delta-T at Design

3. Enter 2% Piping Heat Gain Factor

4. Select ft.wg. from dropdown for Pump Performance Units
5. Enter 70.0 ft. wg., 75% Mech and 94% Elec Efficiencies
6. Enter 10. ontrol Head, an % Min Pump and Chiller flows
7. Click OK when finished

| Click OK to exit and save any changes made to this Plant

Figure 5.2f — Base Case Boiler Plant Input
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[ Fiant Properties - (A Base Case

Hot Water Boiler]

Plant Name [& Base Case Hot Water Boiler Edit Boiler Plant Name

iﬁeneti:: Hot Water Plant
Genenc Hot Water Plant

Change Plant Type from Generic to Hot Water Boiler Plant

General | | Systems ]: Configuration | Schedule of Egpt Y Distibution =

BOILER PLANT
i CONFIGURATION FOR
DISCUSSION ONLY

General I Systems

Alr Systems with Hot Water Coils Plant Serves These Systems
"A Base Case” Air Systems

A01-AHUA1 - Commons/Offices |-

A02 - AHU A2 - Classroam/Misc

A03 -AHU B1 - Classrooms

AD4 - Project 1 - Gymnasium

AQ05 -AHU C2 - Aerobic Gym

ADG -AHU C3 - Locker Rooms

AQ7 - AHU C4 - Office/Classroom .

AD9 - Project 2 - Wing D PFPMXB T

A0S - Project 3- Wing D DX ait1
A09 - Project 4 - Wing D DX AIt2

A02 - AHU A2 - Classroomilisc
A03 -AHU B1 - Classrooms
A04 - Project 1- Gymnasium
A0S -AHU C2 - Aerobic Gym

A06 -AHU C3 - Locker Rooms
AO7 - AHU C4 - Office/Classroom
A09 - Project 2 - Wing D PFPMXB
A10 -AHU D2 - Classrooms

SN R Y

Figure 5.2h — Boiler Plant Configuration

 Plant Properties - [A Base Case Boiler Plant

i General | Systems | Configuration |  ScheduleofEqpt | Distribution | Cond wates
|
Hot Water Boiler Configuration
Boiler Sizing 1 User-Specified Boiler Capacities :I
Number of Boilers - e I L]
Capacity Oversizing Factor

2. Enter or scroll to two (2) for the Number of Boilers
=13. Select Sequenced from the Plant Control dropdown
4. Select Constant HWST from HWST Control dropdown
5. Enter 180F for Design HWST

1. Select User Specified Boiler Capacities from dropdown for Boiler Sizing

Controls
Plant Control 9 Sequenced 'l
HWST Control 4 )[Constant HwsT M |
Design HWST : when OAT less than F

Minimum HWST f F used when OAT greater than , ‘F

[_..,W,,] Cancel |

Help |

Type of pump and piping system used

Figure 5.2i — Boiler Plant Schedule of Equipment
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Plant Properties - [A Base Case Boiler Plant]

o

General 1 Systems Configuration | Schedule of Egpt. | Distribution | Cond Waler
Capactty Hot Water
S Eme—=—— (MBH) Flow Rate
m __|ABase Case Bollers 1 1800.0 | 300°F .
[B2  JABase Case Bolers 18000 | 300°F |

1. Select A Base Case Boilers from dropdown |

BOILER PLANT
CONFIGURATION FOR
DISCUSSION ONLY

Totals:
Esl Max Load:

Make All Equipment the Same
oot py ey

Figure 5.2j — Boiler Plant Distribution
Plnt Properies 4 Base Case Boer Pt R &

~ General )| Systems | Configuration | Schedule of Eqpt._|f Distribution |  Cond Water

|

Distribution System -Fluid Properties —

Type  |Primary Only, Variable Speed @ Name | Fresh Water |
Coil Delta-T at Design 2) Density 60.6 ot

Specific Heat 1.00 BTU/(Ib-*F)

II Pipe Heat Loss Factor

Pump Performance Units ftwg v 4 ) Accept Fresh Water Fluid Properties defaults.
Primary Loop
Iech Elec
FowRate | ““™ | gericiency | Efficiency
(ft wa)
7 e (%) (%)
Desion | <Autos( D )|__500 75.0 94.0
" o ; S 1. Select Primary Only, Variable Speed from Type dropdown
Control Head 2. Enter 30.0 F Coil Delta-T at Design
Minimum Pump Flow 300 % 3. Enter 2% Pipe Heat Loss Factor )
(7 ! 4. Select ft.wg. from dropdown for Pump Performance Units
Minimum Boiler Fiow 30.0 % 5. Enter 50.0 for Pump ft. wg., 75% Mech Efficiency and 94%
Electrical Efficiency
6. Enter 10 ft. wg. for Control Head
7. Enter 30% Minimum Pump and Boiler Flow
8. Click OK when finished

s« Cancel Help

Click OK to exit and save any changes made to this Plant

This completes the base case plant inputs please refer to the chiller and boiler plant input reports
for C Alt 2 to configure chiller and boiler plants. Use the same procedure for editing the plants
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described in the base case above for the C Alt 2 plants. Refer to the following pages for the C Alt
2 plant details.

C Alt 2 Chiller Plant Input Data

1. General Details:
Plant Name .......cccceeminiinninininenienns C Alt 2-(1)30XW WC Screw Chiller
=0F: 0] G ) o S Chiller Plant

2. Air Systems served by Plant:

)
Air System Name Mult. NOW LET S DO TH E

C01 - 4PFCU D1 - Wing A(all) 1 ¥ atl
C02 - 4PFCU D1 - Wing B (all) 1 C PLANT FI NAL
C03 - AHU C1- Gymnasium 1 |NPUTS|
C04 - AHU C2- Aerobic Gym 1
CO05 - AHU C3 - Locker Rooms 1
CO06 - 4PFCU C4 - Office/Classrm i

" |C08 - 4PFCU D1 - Wing D (all) 1

3. Configuration
ChIer SIZING ..cceeeeseminismeisnsomssiramsssnmssannsens User-Specified Chiller Capacities
NUMDEr Of ChIlLEIS .....viieiiie et 1
Cooling Tower Configuration .... ... One tower for each W/C chiller
BOHWTCONOL. ccosmmammmmmsmmimismayia i sisoss i Constant LCHWT
Design LCHWT ..... st G40 °F
Free Cooling s iimmimimiimismiasimisiosmiss i et Not Used

4. Schedule of Equipment

Full Load
Sequence Chiller Name Capacity Cooéeart: low ('::?:ﬁe;;eer Cooling Tower Name Taw;artzlcm
(Tons)
CH-1 C Alt 2 WC Packaged Screw Chiller 222.5 534 668 C Alt 2 W/C Screw Cooling Tower |900
Totals: 222.5 534 gpm 668 Totals: 900

5. Distribution

Distribution System
TYPE ittt

Coil Delta-T at Design °F
Pipe Heat Gain Factor .... %
PUMP/PEITOMIENEE uiiuunmiinvininiiiiiiimeyismssisnisssmivsiaiinta i
Fluid Properties
NBIME Lottt et Fresh Water
Density 62.4 Ib/ft?
SpacHlc HBat v e e e S R 1.00 BTU/(lb-°F)
Primary Loop
Head Me'cl]anical Ele‘ct_rical
Flow (ft wg) Efficiency Efficiency
(%) (%)
Design 534 75.0 80 94.0
Control Head ...t 10.0 ftwg
MiInIMUumM PUMP FIOW ..ooiiiiiiiiiiccccis e 50 %

MInImMum ChllEr FIOW ..ot e e 50 %

6. Condenser Water
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Condenser Water System

Pump Control .......ccocveeeeeiiciee e CONSTANT FLOW
PUmp Performancs ... s o605 ft wg

Condenser Water Loop

Mechanical
Head Efficiency
(%)

Pump for... Flow

Electrical
Efficiency
(%)

CH-1 638 25 75.0

94.0

C Alt 2 Hot Water Boiler Plant Input Data

1. General Details:
Plant Name .....c...coovoveiieeeiecciie e C Alt 2 HW Boiler Plant
Plant TYPE .oevieiiecieevrr et Hot Water Boiler Plant

2. Air Systems served by Plant:

Air System Name Mult.
CO01 - 4PFCU D1 - Wing A(all)
C02 - 4PFCU D1 - Wing B (all)
C03 - AHU C1- Gymnasium
C04 - AHU C2- Aerobic Gym
CO05 - AHU C3 - Locker Rooms
C06 - 4PFCU C4 - Office/Classrm
CO08 - 4PFCU D1 - Wing D (all)

=l alala-

3. Configuration
Boiler Sizing .......cccovvveiiieiiicnne, User-Specified Boiler Capacities
Number oF BollErs ..o s ivinmais 2
ElantGentrol .. i Sequenced
HWST Control ...coovveeciiiiieceeeeeeeceeeeve e Constant HWST
BesigniEWST cuusmnvnmmsimsiss el s 180.0 °F

4. Schedule of Equipment

Boiler Name

B-1 C Alt 2 Boiler 1
B-2 C Alt 2 Boiler 2

Sequence

BOILER PLANT SO

INPUTS

Totals:

WE WILL NOT INCLUDE A

DISREGARD ALL BOILER

el B = o IR ———— 2403.5 Tons

5. Distribution

Distribution System :
TYPE oo Primary Only, Variable Speed
Coil Delta-T at DBSIIN iiuciviiviiieemasisnivmnisasnsmmmiassiamsissaissmiz ot 30.0 °F
Pipe HaatLoss FAttor ... i i s 20 %
Pump Performance ........ccccoovvieee oo iiee e ft wg

Fluid Properties
NAME o e B A Fresh Water
DENSILY .eeeiiiiieieeieee et 60.6 |b/ft®
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SPECIIC HEBL ...veroreensonmsnsnsonssassssesonsnsssasasons sonsmssseisdssissaesivnnsss iusss 1.00 BTU/(lb- °F)
Primary Loop
Head Mechanical Electrical
Flow (ft. wg.) Efficiency Efficiency
WO (%) (%)
Design <auto-sized> 50.0 75.0 94.0
CONOIHEA: ..vuoniisninn s s T R A s 10.0 ftwg
MIRImUm PUP. FlOW ciuiimsisiieiivios svisi s smsivess sresininiss 30.0 %
MInIMUmM BoIlEr FIOW ...c..oovcveeeiierieiieeneiereee e 30.0 %
D Alt3 SZCVIRTU (ROOFTOP UNIT)

Next let’s look at how to configure a packaged roof top unit for energy simulation. Our “D”
Alternative consists of 36 single zone, constant air volume packaged rooftop units with electric
heating. Open the Air System Properties form for [D31 — RTU D5 — Classroom D104] and
review the following details required for an energy.

Figure 5.3a — Packaged RTU-Configuration System Components —Supply Fan

[&A Air System Propertles [D31 RTU DS - Classroom D104]

General| System Components | Zone Components| Sizing Data | Equipment |

Yentilation i Supply Fan
Economizer Ean Type |Forward Curved

Vent. Reclaim Configuration & Draw-Thru ¢ Blow-Thru
Erecool Coil Total Static ~|[150 in. wa.

P'ehe_'z".t C?ji Overall Efficiency [54 %

Humidification
Dehumidification % Aiflow 100 30 80 70 &0

ZKW |

Central Cooling

Central Heating 2 Aiflow 40 30 20 10
Supply Faré ZRW | | ‘ I

Duct System
R Fan Control |2-speed fan cooling, 1-speed fan heating

eturn Fan
Low Speed Fan Airflow 67 %

| Select Fan Control and Airflow | 0K | Cancel

v
v
r
r
I_
r
I
v
v

I

1<
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Figure 5.3b — Equipment — Central Cooling Unit

Central Cooling Unit - Air-Cooled D.

Equipment Data

Estimated Maximum Load " MBH

Design OAT 1 /

Equipment Sizing |User-Defined Capacity ;I@
Gross Cooling Capacity 3

Capacity Qversizing Factor % 7

I_AHRI Performance Rating ~|| 15200 ESEQQ 'l@

DX System Configuration ]Elage compression, 1 circuit :l@

Conventional Cutoff OAT 550 °F (6)
|¥ Low Temperature Opemﬁoﬂ@

Low Temperature Cutoff OAT ( 8 l

Cancel Help

Click OK Button to Save Changes

Configure the central cooling unit air cooled DX Equipment as follows:

1. The Design OAT populates to ARI Standard conditions.

2. Equipment capacity defaults to auto-sized, however, we recommend entering actual
selected equipment manufacturer's performance data by selecting “User-Defined Capacity
from Equipment Sizing dropdown.

Enter Gross Cooling Capacity from manufactures performance data

Select AHRI Performance Rating from dropdown and enter the SEER or EER efficiency
Select DX Configuration from dropdown

Enter Conventional Cutoff OAT

Leave Low Temperature Operation checkbox checked

Enter the Low Ambient Temperature Cutoff Outdoor Temperature

Click OK to save

©CENOUAWL
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Figure 5.3c Central Heating Unit

[&] Central Heating Unit - Combusti

Equipment Data

Estimated Maximum Load ] MBH

Equipment Sizing ]User—Deﬁned Capacity v"‘] l

Gross Heating Capacity 59.0 MBH ( 2 ) \I

Capacity Oversizing Factor %

o e -L—===18 E| ECTRIC HEAT HAS

Misc. Electric 4 ALREADY BEEN
CONFIGURED IN THE
ARCHIVE FOR THE RTU.
P ——

4. Enter Misc. Electric energy use in kW (draft blower etc.)
5. Click OK when finished

Click OK Button to Save Changes

After entering the plant and equipment data, we can generate the Simulation Reports for the
cooling plants and packaged RTU. Please refer to the following pages for the detailed simulation
reports for “A” Base Case Chiller plant, AND Classroom D104 rooftop unit.
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RUN THESE REPORTS FOR THE A BASE AIR COOLED CHILLER
PLANT

Plant Simulation Reports E3

Reports Table | Graph | TKT Time Specifications
Monthly Simulation Results v v &
Daily Simulation Results v v | For  |August  +|
Hourly Simulation Results v r ™ | From Aug.26  ~|To jwug.27 |
Unmet Loads Report v g T
Graph Specifications

Cooling Coil Load (kBTU) Select up to 3 data items for the
v Plant Cooling Load (kKBTU) graph. All must have the same

Primary Water Dist. Pump (lKWWh) units of measure.

Chiller Input (kK\Wh}
MNote: Graph options are anly
available when a single plant has
been selected and that plant was
previously simulated.

Restore Defaults Print... Preview... Cancel Help
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Workshop 5 Solutions

Monthly Simulation Results for A SIZING
TRINIDAD ENERGY ARCHIVE 2 UNSOLVED 2017 wk thru
carner
Plant Simulation Results (Table 1) :
Cooling Coil [ Plant Cooling Primary Water
Load Load| Chiller Qutput Chiller Input Dist. Pump)|
Month (kBTU) (kBTU) (kBTU) (KVWh) {(KWh)
January 616710 635335 635335 49242 2492
February 618105 636255 636255 50354 2278
March 761172 783274 783274 63010 2650
April 773003 795584 794258 64747 26986
May 858546 8383708 380080 71862 2965
June 526790 544176 542441 44039 2631
July 119591 127550 127550 11262 2307
August 854071 879332 874202 70962 3035
September 890346 916702 897665 73721 3110
October 882267 908352 895849 72316 3098
November 860852 886092 876320 69179 2956
December 713851 734695 734695 56492 2566
Total 8475301 8731105 8677925 697186 32784
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CA]
Chiller Output (kBTU)

[&]
Plant Cooling Load (kBTU)
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Daily Plant Simulation Results for August (Table 1) :

Daily Simulation Results for A SIZING
E 2 UNSOLVED 2017 wk thru
Dally Plant Simulation Ras uits for A ugust (Tabie 1) :

Cooling Coll] Piant Cooling Primany Vish

Lozd Load| ChmsroOutput| Chmerinput|  Dist Pum

Dy [XETU]| [XBTU) GBTUM () L
1 5074 5355 5355 455 T4
2 40363 L2047 41098 3238 125
3 3TN 38007 3&T7 3174 13
4 36945 37985 37988 3078 107
5 39203 40326 33525 318¢ 119
€ 32300 13806 33305 2585 F2
7 12382 12810 12810 1042 74
8 3087 3325 3323 310 74
5 37T 38851 38518 3145 112
10 34555 35613 EE3E| 2671 )
[ 3m ME33 34533 2770 a5
12 T 34715 34715 2805 |
13 36495 37523 37523 3039 107,
14 14235 14639 14593 1z 74
15 3352 ®30 3630 36 7
15 3758 38645 38548 318 110
17 36253 37276 3?174[ 2984 107
13 37130 33130 35123 3165 110
19 3N2B 35300 37397 3045 13
20 36377 37407 37407 3082 108
2 14555 15365 15365 1273 74

2 3766 421 4021 335 T4 %

23 40715 41385 40333 3m 124
% 3783¢ 33907 35793 3z 112
% 343% 33326 35177 2738 103
% 3T ®79g 36798 2971 103
I 38313 39399 39277 3253 113
i 14716 15190 15199 1232 4
5 3309 3555 3533 332 74
0 40313 41478 4202 3247 125
3 3069 3310 3310 338 74
Tots! 854071 §75382 374202 70352 3038
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[e]

Piant Cooling Load (KETU)

Da_ily Simulation Results for A SIZING

Daily Simulation Results for August
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Hourly Simulation Results for A SIZING

LVED 2017 wk taro

Table 1.1 Hourly Piant Simutation Results Tor Thursaay, August 26
Cooling Coll] Piant Cooling Primary
Load Load| craserOutput| Chmter input Dutm
Hour {MBH) (MEBH) {MBH) (kW) (X,
W 95.5 1049 1049 8.7 31
o1 938 103.0 1030 36 31
(71 91.4 100.7 1007 84 a1
(1) 91.6 1009 1009 34 31
o4 91.5 1008 1008 82 31
as00 91.6 100.9 109 54 31
(51 17390 1781.3 1781.3 133.0 31
a7 249453 25530 2558.0 2025 47
[ -1 ] 29072 29352 239852 2339 65
(1] 28371 2964 4 ;i d 233.8 64
1000 25144 2201 29201 2321 62
100 39381 N 3221 262.0 7
1200 265938 WTWI 7289 237.9 53
1300 297786 30553 30583 2534 69
1400 28343 203 2309 5 2429 6.1
1500 26838 7537 7537 2235 54
1600 28027 25664 2566.4 206.5) 47
1700 21407 21830 219390 163.9 36 [k
1300 5267 8507 8507 651 31
1900 3351 350.3 893 z a1
2000 5419 866.3 866.3 4 31
21: 824 4 5454 8454 6L 9 31
nm 1006 1101 1101 99 3
2300 101.0 105 1105 9.8 a
Totsl 357952 IBTITH 36797 9 23706 1053
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Hourly Simulation Results for A SIZING

017 wk B

Tabie 2.1 Hourly Plant Simutation Results for Fricay, August 27

Cooling Coll| Plant Cooling Prim ary
Load) Load| Chisler Output| Chiller Input Dist. Pum
Hour [MEH) [MEH) ;Q [V} (&
0000 1005 110.0 110.0 a7 31
o100 100 4] 109 9 1099 95 31
020 102.0 111.5] 115 99 31
0300 103.1 126 126 102 31
o400 1053 114.9] 1149 10.5 31
2500 107 4 17 1| 174 108 31
0s00 23122 2363 3 2359.3 151.8 41
o700 24714 2534 1| 25341 197.7| T3
630 28515 3041 4| 30416 2403 63
) 30117 3023 7| 3937 251.2 740
1000 30745 31589 31589 2628 7.4
1100 31278 32143 3199.2 2725 77
1200 27048 7758 7755 2416 55
1300 30993 31847 31347 271.2 7%
1400 31696 3257 8 31992 279.2 80
1500 31325 32473 3199.2 279.2 79) Ibs
1600 26936 7639 27639 2775 55
1700 22167 774 271 4 1231 33
1300 9242 9502 950 2 77 31
1500 3753 203 900 8 7189 31
2000 871.0) 2359 3353 702 31
2100 8250 8521 2521 852 31
200 951 104 5 1045 95 31
2300 97.2 106 6, 10656 23 31
Totsl 333125 393951 35277 4} 32526 1130




1. Unmet Load Statistics - Central Cooling Unit - Air-Cooled DX

Note: Data shown in this report is for diagnostic purposes only. Values represent total unmet hours for each cooling and/or heating unit. No deductions

[ENERGY SIMULATION]

are made when unmet hours for oné unit coincide with those in another unit.

1. Unmet Load Statistics - Central Cooling Unit - Air-Cooled DX

Equipment Capacity Capacity Capacity Total Hours
Capacityis Insufficient Insufficient Insufficient Total Hours with
Sufficient by 0%-5% by 5%-10% by >10% with Unmet Equipment
Month (hrs) (hrs) (hrs) (hrs) Loads Loads
January 296 0 0 0 0 Q-SGj
February 316 0 0 0 0 316
March 376 0 1] 0 0 376
April 417 4 0 0 4 421
lay 440 4 1 0 s 445
June 422 0 0 0 0 422
July 541 0 0 0 0 541
August 401 16 2 0 18 419
September 381 18 23 4 45 408
October 334 19 z 0 26 410
Movember 328 3 1 3 7 335
December 328 0 0 0 0 328
Total 4610 64 34 7 105 4715

1. Zone Temperature Statistics

115




[ENERGY SIMULATION]

Zone Temperature Report for D03 - RTU A3 - Principal/Conf
Project Name TRINIDAD ENERG Y ARCHIVE 2 UNSOLVED 2017 vk thru
Prepared by, carrier
1. Zone Tenpersture Statstics
Occ Occ Occ Occ Occ Occ Occ Occ Occ Unocc Unocc Unocci Unocc
Hours Hours| Cooling| Hours| Heating Hours Hours Cooling| Heating
More Than 1.01o| Setpoint Within| Setpoint 1.0 to |More Than Setpoint| Setpoint
Max 5.0 °F 5.0°F plus Throt. minus 5.0 °F 5.0°F Min Max plus minus Min|
Zone Above Above Throt| Range or| Throt Below Below] Zone Zone Throt Throt Zone|
Temo Throt Throt. Ranae Dead- Range Throt Throt. Temp Temp Range Range Temp
Zone Name (°F)| Range| Range [°F) band (°F)| _Range| Range (°F) (°F) (°F) °F) (°F)
A104-Asst Prin 744 0 Dl 74.0 2724 68.0 0 0 722 [:; 825 84.0 63.0 76.0

Note: For any occupied hours in which cooling is unavailable or scheduled off, zone temperature out of range statistics are not reported
Note: For any occupied hours in which heating is unavailable or scheduled off, zone temperature out of range statistics are not reported

Note: For any occupied hours in which cooling is unavailable or scheduled off, zone temperature out of range statistics are not reported.
Note: For any occupied hours in which heating is unavailable or scheduled off, zone temperature out of range statistics are not reported.
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Workshop 6 Inputs
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Workshop 6 Defining and Simulating Buildings

ACET Defining Buildings in HAP

The first step in this workshop is to retrieve Trinidad Energy
@& | Archive 3 Unsolved from the Unsolved Loads and Energy

folder on your desktop. Before we start working with this

archive, let us discuss how HAP uses the term “building”.

A building in HAP is the “container” for all HYAC and non-HVAC systems for one design scenario.
Performing an energy analysis calculates annual energy costs for the building’s energy consuming
systems. System design load analysis in HAP, requires us to create elements, spaces, zones, air
systems, and plants like in the previous workshops, while a "building" is only required for performing
an energy simulation.

Taken literally, a building represents one structure. However, in HAP the definition of a building is
flexible. It can also represent a group of structures. For example, a "building" could represent a
campus in which all the structures are served by central steam and chilled water plant equipment.
Keep in mind, a design case can contain part of an actual building, a complete building, or many
buildings.

When using the Equipment Wizard HAP not only creates the Air Systems and Plants but also a
Building. The Wizard created Building includes the plants, air systems, spaces and all items linked to
the spaces like schedules, construction items etc.

One exercise included in this workshop is defining the Energy Charges by creating a Fuel Rate and
Electric Rate. There are several ways to create these energy rates including the Utility Rate Wizard,
importing previously created rates, use the USA state EIA average rates or user defining the rates.
For our workshop we create a complex electric rate that includes seasonal scheduling, time-of-day
utility rate schedules and demand clause. Create the Natural Gas utility rate as a simple rate
structure. Use the following values for creating the electric and fuel utility rates.

Electric Rate WE WILL DO A PRACTICE
RAE NAME oo “DETAILED” ELECTRIC
TR Y, o 1= AND FUEL RATEUS'NG

Electric Rate Details THE UT"_'TY RATE

e e e WIZARD... SEE THE
Gustomer Ciarge HANDOUT!

easonal Pricing
Tie of Day Psing suaawspmnnaniansm

Energy Charge
TYDE ettt ne e a e Flat Prices

Demand Charge
TV T T S S Flat Prices

026 EMISSans e 1575 olkwh
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Electric Rate Schedules

Seasonal Pricing

Winter
Oct

Summer

Start
End

May

Sept April

Time of Day Pricing

Summer

Winter

Off Peak

Peak Start Start

Peak Start

Off Peak
Start

Weekdays 9 AM 9PM 9 AM

9PM

Saturday None All None

All

Sunday/Hol None All None

All

Electric Energy and Demand Charges

Electric Energy Charge

Block Size

Period (KWh)

Season

Price
($/kWh)

Summer Peak All

0.08000

Summer Off-Peak All

0.06500

Winter Peak All

0.07000

Winter Off-Peak All

0.05500

Electric Demand Charge

Block Size

Period (kW)

Season

Price

($/kW)

Summer Peak All

12.00000

Summer Off-Peak All

10.00000

Winter Peak All

9.00000

Winter Off-Peak All

6.00000

Ratchet Clause
Ratchet Clause
Peak Month Start
Peak Month End
Ratchet Applies Start
Ratchet Applies End
Multiplier

Minimum Demand
Minimum Demand

Fuel Rates

Natural Gas
Rate Name
Units of Measure
Conversion Factor
Fuel Price
CO2e Emissions

Refer to Figures 6.1a through 6.1c for details.

Gas Rate
MCF
1000.00000
12.28000
122.000

WE WILL CONFIGURE THIS
EXAMPLE ELECTRIC RATE
WITH THE UTILITY RATE
WIZARD...SEE THE
HANDOUT FOR THE INFO TO
CONFIGURE!

%

kW

kBTU/MCF

$/MCF

Ib/MCF

122
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Figure 6.1a — Utility Rate Wizard Input Form Screen 1
b5 TEISTEEE:

Electric Rate Setup

Rate Name

Customer Charge 50.00 S/month

v Seasonal Pricing v Time of Day Pricing

Energy Charge

Type IFIal Prices

Steps ‘
Time of Day Pricing

Demand Charge =
R Summer Winter

Type [Flat Prices Off-Peak Off-Peak
Peak Start Start Peak Start Start

Steps

3 I \Weekdays |9AM  ~| 9P 9 Al 9PM
Saturday MNaone All None All
CO2e Emission Factor 1.576 Ib/kWh Sunday/Hol |None All None All

Details Screen: | 10of2 [ Cancel
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Figure 6.1b - Utility Rate Wizard Input Form Screen 2
%£ Utility Rate Wizard

Electric Energy Charge Electric Demand Charge

Season Period Blggﬁ;ze Price ($/kWh) Season Period

Block Size
(kW)

Price ($/k\W)

Summer Peak All 0.08000 Summer Peak

All

12.00000

Summer Off-Peak All 0.06500 Summer Off-Peak

All

10.00000

Winter Peak All 0.07000 Winter Peak

All

9.00000

Winter Off-Peak All 0.05500 Winter Off-Peak

All

6.00000

[v Ratchet Clause

PeakMonths  |May

jto

|Sept

Ralchet Applies |Oct

L‘to

Multiplier 80 %

Minimum Demand

Details Screen: 2012 Help | Previous |

May

Cancel




Figure 6.1c — Utility Rate Wizard Natural Gas Utility Rate

T Utility Rate Wizard

Electric Rate

[ENERGY SIMULATION]

Rate Name I THIS SHOWS THE WIZARD RESULTS —

Rate Type Detailed v

View / Edit Detailed Inputs

]

Flat Prices.
Demand Charge
Flat Prices.
Demand Determination
Ratchet clause used.
Minimum demand clause used.

Fuel Rates ]
[v Natural Gas [~ Propane

Rate Name [Gas Rate
| Units of Measure | MCF ~
| Conversion Factor 1000.00000 KBTUMCF

Price 12.28000 $/MCF

CO2e Emissions 122.000 |bMCF

Help Finish- ng  Cancel

\,
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Now that we have completed an exercise in
“detailed” utility rate modeling, we will use a
simple flat rate of $0.03 per kWH for Trinidad.
Let’s configure the 4 building scenarios for
Trinidad first....then...

We can then re-run this project in these
locations and use these rates:

1. Curacao:
Electricity Cost $ 0.30 cent / kWh
All Electric

2. Barbados:
Electricity Cost $ 0.35 cent / kWh
Fuel: Natural Gas




_ [ENERGY SIMULATION|




[

[ENERGY SIMULATION]

Our next exercise in this workshop consists of creating the “Buildings” for this project. As
discussed in a previous paragraph, each “Building” represents a design alternative for
comparison of energy consumption etc. Our project includes the following four (4) designs:

I. Building Name:

Cooling Plant:
Heating:

Air Systems:

Air System Types:
Ventilation Control:
Ventilation Sizing:

Il. Building Name:
Cooling Plant:
Heating Plant:

Air Systems:

Air System Types:
Ventilation Control:
Ventilation Sizing:

lll. Building Name:

Cooling Plant:
Heating Plant:

Air Systems:

Air System Types:
Ventilation Control:
Ventilation Sizing:

IV. Building Name:

Cooling Plant:
Heating Plant:

Air Systems:

Air System Types:
Ventilation Control:
Ventilation Sizing:

A Base VAV-PFPMXB- 62.1-2007

(2) 30 XA Air- Cooled Chillers
Electric

A01-A10

VAV PFPMXB, SZCV
Constant

ASHRAE 62.1-2007

B Alt1 VAV-PFPMXB- DCV

(2) 30 XA Air- Cooled Chillers
Electric

B01-B10

VAV PFPMXB, SZCV

Demand Controlled Ventilation
ASHRAE 62.1-2007

C Alt2-4PFCU- DOAS- 62.1-2007

(1) 23 XRV Water-Cooled Screw Chiller
Electric

C1-C8

4- Pipe Fan Cail Units, SZCV

Constant (dedicated ventilation for 4PFCU
ASHRAE 62.1-2007

D Alt3 SZCV/RTU- 62.1-2007

None (Integral to RTU- Air Cooled DX)
None (Integral to RTU —Electric Resistance
D01-D36

SZCV RTU

Constant
ASHRAE 62.1-2007

Notice the “B Alt-1" scenario is a duplicate of the “A” Base Case except the associated air
systems use demand control ventilation to size ventilation loads. Using DCV is an energy saving
strategy that reduces ventilation air requirements resulting from diverse building occupancy.
The “C Alt-2” design scenario uses a water cooled screw chiller to supply chilled water to 2-pipe
fan coil units and single zone air handlers. The fan coil systems utilize a common (dedicated)
ventilation air system resulting in a lower peak total ventilation airflow compared to the A and B

scenarios.

The “D-Alt 3" scenario uses multiple packaged single zone constant volume RTU units. The

rooftop units are self-contained DX cooling with electric heating and are not connected to a chilled
water or hot water plant.
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In order to save time, the schedules and profiles applicable to the miscellaneous energy items are
completed as part of archive # 3.

Figure 6.2 — Enter Building Data

[y Building Properties - [A-Base VAV-PFPMXB- 62.1-2007]
e ———

Plants I Systems g Misc. Energy

General
Building Name: 1 |a-Base vav-PFPIIXB- 62 1-2007

Plants Included in Building

VAB el e O IO A RSN S

WE WILL CONFIGURE THE 4
BUILDINGS INCLUDING THE
SERVICE HOT WATER PLANT FOR
TRINIDAD AT $.03 PER KWH.

Bullding Design

OK I Cancel Help
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Figure 6.3 — Assign Air Systems to Building Design
g Building Properties - [A-Base VAV-PFPMXE- 62.1-200

Plants | Systems |} Misc. Energy }  Meters

Systems In Current Project Systems Included In This Building

A01-AHU A1 - Commons/Offices ) AD1-AHU A1 - Commaons/Offices
AD2 -AHU A2 - ClassroomiMisc AD2 - AHU A2 - ClassroomiMisc
A03 -AHU B1 - Classrooms | A03 -AHU B1 - Classrooms
A04 - Project 1 - Gymnasium | A04 - Project 1- Gymnasium
AD5 - AHU C2 - Aerabic Gym TAdd T AQ05 - AHU C2 - Aerobic Gym
AUG AHUC3- Locker Rooms AO06G - AHU C3 - Locker Rooms

A 4 - AO07 - AHU C4 - Office/Classroom
A(}Q - Froject 2 -Wing D PFPMXB

A09 - Project 3 - Wing D DX am HUS RTUC5- MechlStorage
A09 - Project 4 - Wing D DX Alt2
A10-AHU D2 - Classrooms
B01-AHUA1 - Commons/Office
B02 - AH

so:-4y WE WILL CONFIGURE THE ‘A AIR

B04 - Proj

er:-st| COOLED” BUILDING FIRST...THEN
-1/ DUPLICATE IT TO CONFIGURE THE
OTHER THREE BUILDINGS INCLUDING
THE SERVICE HOT WATER PLANT

FOR TRINIDAD AT $.03 PER KWH.

Assign selecled system to the plant

Enter the following Miscellaneous Energy Users under the Misc. Energy Tab. Refer to
Figure 6.4 for additional details. Note: the fractional schedules came as part of the archive, there
is no need to create the fractional schedules for this exercise

Name Energy Type  Peak Use Schedule

Exterior Lighting Electric 5.0kW Parking Lot Lights
Aerobic Pool Heater Electric 200 KW Aerobic Pool Heater
Pool Circ. Pumps Electric 2.5 kW Aerobic Pool Heater




Figure 6.4 — Misc. Energy Tab Input Details
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s Building Properties - [A-Base VAV-PFPMXE- 62.1-2007]

{ _

Plants

]

Systems « o Misc. Energy | Meters
Name Process Energy or Fuel Type Peak Use Schedule
Load
[Exterior Lighting ~  |Eectric ~|[ 50 kW [Parking Lot Lights

|Domeslic Water Healing

[Pool Heater

WE WILL CONFIGURE ALL

|Damgsllc‘Naler Circ F'ump'

-| WITH ELECTRIC HEAT

|Pool Circ Pump

s
f |Electric ~||" 25 KW |Aerobic Pool Heater
S - [Electric ~ll 00 KW [none
r |Electric - 00 KW [none
~ |eectric ~|| 00 kW [none
r |Electric ~|| 0.0 kW |none
[Etectric ~|[ o0 kW [none

oK Cancel |

Figure 6.5 — Building Meters Tab

| Building Properties - [A-Base VAV-PFPMXB- 62.1-200
> e ———

Average Building Power Factor

Source Electric Generating Efficiency

Adaditional Floor Area

‘ “Pants | systems |8 Misc. Energy | Meters
| PULL DOWN TRINIDAD
| ELECTRIC RATE $ 0.03 PER
ogare| KVWH
Remate Hat \Water l |<none> & ]
Remote Steam | |<none> ~
’ Remote Chilled \Waler i [<none= ~
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Highlight the “A Base Case Building” after saving it and then right mouse click and
choose Duplicate.

Rename the duplicate B ALT1 VAV FPMXB DCV. Deselect the A Base Case plant and
assign the B plant to the B Building under the Plants Tab. Refer to Figure 6.6 for details.

Figure 6.6 — B Alt 1 Building Properties - Plants
[Bs Building Properties - [B Alt 1 VAV-PFPMXB- DC

Plants| | Systems | Misc. Energy _ Meters

General
Building Name: |B Alt 1 VAV-PFPMXB- DCV

Plants Included in Building

| .| DUPE THE A THEN CALL IT THE

‘el B WITH DCV... THEN DUPE THE B |
“d AND CALL IT THE C SCENARIO
“| AND LASTLY THE ROOFTOPS...

Cancel Help




_ [ENERGY SIMULATION]

Figure 6.7 — B Alt 1 Building Properties — Systems
g Building Properties - [B Alt 1 VAV-PFPMXB- DCV]

Plants | Systems | Misc. Energy i Meters
Systems In Current Project Systems Included In This Building
A01 -AHU A1 - Commons/Offices i B01 - AHU A1 - Commons/Office 1
AD2 -AHU A2 - Classroomiilisc B02 - AHU A2 - Classrooms/Misc 1
AD3 -AHU B1 - Classrooms B03 -AHU B1- Classrooms 1
A04 - Project 1 - Gymnasium = B04 - Project 1 Gymnasium 1
ADS5 - AHU C2 - Aerabic Gym B0O5 - AHU C2- Aerobic Gym 1
ADB - AHU C3 - Locker Rooms B06 - AHU C3- Locker Rooms 1
AD7 - AHU C4 - Office/Classroom B0O7 - AHU C4 - Office/Classroom 1
AD8 - RTU C5 - Mech/Storage B09- Project2- WingD PFPMXB 1
A09 - Project 2 - Wing D PFPMXB B10-AHU D2 - Classrooms 1
AD9 - Project 3 - Wing D DX alt1 AD08 - RTU C5 - MechiStorage 1

A09 - Project 4 - Wing D DX Alt2

A10 -AHU D2 - Classrooms

B01-AHU A1 - Commons/Office

B02 - AHU A2 - Classrooms/Misc

B03 -AHU B1 - Classrooms

B04 - Project 1 Gymnasium

B05 - AHU C2- Aerobic Gym

BO06 -AHU C3- Locker Rooms

BO07 - AHU C4 - Office/Classroom -

Highlight and remove A08 air system
and Add B08 air system

oK | Cancel J Help

Systems associated with the selected plant type

These are the only required changes for the B Alt 1 Building design. Repeat the process
for the C Alt 2 design and D Alt 3 Design. After saving these additional buildings, highlight
all four design case buildings and perform the energy simulation.
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Simulation Results

Table1. Annual Costs

B ACCHILLERS

A ACCHILLERS DCV| CWC CHILLER D RTUS
Component (%) ($) ($) (8)
Air System Fans 7,228 7,228 4717 6,898
Cooling 21,650 17,624 12,387 17,679
Heating 2,346 2,348 1,247 1,247
Pumps 985 901 1,479 2
Heat Rejection Fans 0 0 1,823 0
HVAC Sub-Total 32,209 28,299 21,653 25,825
Lights 7,311 7,311 7311 Iy
Electric Equipment 3,568 3,568 3,569 3,569
IMisc Electric 10,070 10,070 10,070 10,070
Iisc. FuelUse 0 0 0 0
Non-HVAC Sub-Total 20,949 20,949 20,949 20,950
Grand Tofal 53,159 49,248 42,603 46,775

Table2. Annual Cost per Unit Floor Area

B ACCHILLERS

A ACCHILLERS DCV| CWC CHILLER D RTUS
Component ($1ft7) (§If) (81t (SIFE)]
Air System Fans 0.105 0.105 0.068 0.100
Cooling 0.214 0.258 0.179 0.256
Heating 0.024 0.034 0.018 0.018
Pumps 0.014 0.013 0.021 0.000
Heat Rejection Fans 0.000 0.000 0.026 0.000
HVAC Sub-Total 0.467 0.410 0.314 0.374
Lights 0.106 0.108 0.106 0.106
ElectricEquipment 0.052 0.052 0.052 0.052
Wisc Electrc 0.148 0.145 0.145 0.146
Wisc. Fuel Use 0.000 0.000 0.000 0.000
Non-HVAC Sub-Total 0.303 0.303 0.303 0.303
Grand Total 0.770 0.713 0.617 0.677
Gross Floor Area (ft*) 69057.0 69057.0 69057.0 69057.0
Conditioned Floor Area (%) 69057.0 69057.0 69057.0 69057.0

Note: Values in thiz table are calculated using the Gross Floor Area.




Table3. Component Cost as a Percentage of Total Cost

[ENERGY SIMULATION]

B ACCHILLERS

A ACCHILLERS DCV| CWC CHILLER D RTUS
Component (%) (%) (%) (%)
Air System Fans 136 147 111 147
Cooling 40.7 362 291 378
Heating 44 48 29 27
Pumps 19 1.8 35 0.0
Heat Rejection Fans 0.0 0.0 43 0.0
HVAC Sub-Total 60.6 57.5 50.8 55.2
Lights 138 14.8 172 156
Electric Equipment 6.7 T2 8.4 76
Misc Electnc 18.9 204 2386 215
Misc. Fuel Use 0.0 0.0 0.0 0.0
Non-HVAC Sub-Total 394 425 49.2 448
Grand Total 100.0 100.0 100.0 100.0
Annual Emissions Summary
Table 1. Annual Costs
B AC CHILLERS
A AC CHILLERS DCV| C WC CHILLER D RTUS
Component (8) ($) () ($)
HVAC Components
Electric 32,210 28,299 21,652 25,826
Matural Gas 0 0 0 0
Fuel Qil 0 0 0 0
Propane 0 0 0 0
Remote HW 0 0 0 0
Remote Steam 0 0 0 0
Remote CW 0 0 0 0
HVAC Sub-Total 32,210 28,299 21,652 25,826
Non-HVAC Components
Electric 20,950 20,950 20,949 20,948
Matural Gas 0 0 0 0
Fuel Oil 0 0 0 0
Propane 0 0 0 0
Remote HW 0 0 0 0
Remote Steam 0 0 0 0
Non-HVAC Sub-Total 20,950 20,950 20,949 20,948
Grand Total 53,160 49,250 42,602 46,774




Table 2. Annual Eneray Con

[ENERGY SIMULATION]

sumption

Component

A AC CHILLERS

B AC CHILLERS
DCcv

C WC CHILLER

D RTUS

HVAC Components

Electric (KWh)

1,073,650

943,31

721,746

860,852

Matural Gas (na)

Fuel Qil (na)

Propane (na)

Remote HW (na)

Remote Steam (na)

Remote CW (na)

Qlojlo|o|lo|o

ojlo|jlo|o|jo|o |t

ojlo|o|jlo|lo|o

olojlo|lo|jlo|o

Non-HVAC Components

Electric (kWh)

698,341

698,341

698,315

698,281

Matural Gas (na)

0

0

Fuel Qil (na)

Propane (na)

Remote HW (na)

Remote Steam (na)

0
0
0
0

olo|lo|o

o|lojo|o

Qoo |o

Totals

Electric (kWh)

1,771,992

1,641,656

1,420,061

1,589,1

(]

Natural Gas (na)

Fuel Qil (na)

Propane (na)

Remote HW (na)

Remote Steam (na)

Remote CW (na)

(=1 W= = = I = =]

olo|o|o|lo]|lo

(= =1 = = I =} =]

Table 3. Annual Emissions

Componeni

A AC CHILLERS

B AC CHILLERS
DCV

C WC CHILLER

D RTUS

CO2 Equivalent (Ib)

2,799,692

2,593,757

2,243,730

2,463 447




[ENERGY SIMULATION]
Table 4. Annual Cost per Unit Floor Area
B AC CHILLERS
A AC CHILLERS DCV| C WC CHILLER D RTUS
Component ($IF) (81t (81t ($IFF)]
HVAC Conponents
Electric 0.466 0.410 0.314 0.374
Matural Gas 0.000 0.000 0.000 0.000
Fuel Qil 0.000 0.000 0.000 0.000
Propane 0.000 0.000 0.000 0.000
Remote HW 0.000 0.000 0.000 0.000
Remote Steam 0.000 0.000 0.000 0.000
Remote CW 0.000 0.000 0.000 0.000
HVAC Sub-Total 0.466 0.410 0.314 0.374
Hon-HVAC Components
Electric 0.303 0.303 0.303 0.303
Natural Gas 0.000 0.000 0.000 0.000
Fuel Oil 0.000 0.000 0.000 0.000
Propane 0.000 0.000 0.000 0.000
Remote HW 0.000 0.000 0.000 0.000
Remote Steam 0.000 0.000 0.000 0.000
Non-HVAC Sub-Total 0.303 0.303 0.303 0.303
Grand Total 0.770 0.713 0.617 0.677
Gross Floor Area (ft*) 69057.0 69057.0 69057.0 69057.0
Conditioned Floor Area (ft*) 69057.0 69057.0 69057.0 69057.0
Note: Valuesin this table are calculated using the Gross Floor Area.
Table 5. Component Costas a Percentage of Total Cost
B AC CHILLERS
A AC CHILLERS DCV| C WC CHILLER D RTUS
Component (%) (%) (%) (%)
HVAC Conponents
Electric 608 575 508 553
Matural Gas 0.0 0.0 0.0 0.0
Fuel Qil 0.0 0.0 0.0 0.0
Propane 0.0 0.0 0.0 0.0
Remote HW 0.0 0.0 0.0 0.0
Remote Steam 0.0 0.0 0.0 0.0
Remote CW 0.0 0.0 0.0 0.0
HVAC Sub-Total 60.6 57.5 50.8 55.2
Non-HVAC Components
Electric 394 425 492 448
Matural Gas 0.0 0.0 0.0 0.0
Fuel Qil 0.0 0.0 0.0 0.0
Propane 0.0 0.0 0.0 0.0
Remote HW 0.0 0.0 0.0 0.0
Remote Steam 0.0 0.0 0.0 0.0
Hon-HVAC Sub-Total 39.4 425 49.2 448
Grand Total 100.0 100.0 100.0 100.0
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Annual Component Cost for C Alt 2

Annual Component Costs - C WC CHILLER

TRINIDAD ENERGY ARCHIVE 3 UNSOLVED 2017 WK THRU
carner

07/29/2017
07:54AN

Air System Fans 11.1%

e | 17.2% Lights
eatin . >
< 4.3% HealRejection Fans

23.6% Misc. Electric

Cooling 29.1% \ 8.4% Electric Equipment

1. Annual Costs




B o [ENERGY SIMULATION]
1. Annual Costs
Annual Cost Percent of Total
Component (%) (St (%)
Air System Fans 4717 0.068 141
Cooling 12,387 0.179 29.1
Heating 1,247 0.018 29
Pumps 1,479 0.021 35
Heat Rejection Fans 1,823 0.026 43
HVAC Sub-Total 21,653 0.314 50.8
Lights 7,311 0.106 172
Electric Equipment 3,569 0.052 24
Kisc. Electric 10,070 0.146 236
Misc. Fuel Use 0 0.000 0.0
Hon-HVAC Sub-Total 20,949 0.303 49.2
Grand Total 42,603 0.617 100.0
Mote: Cost per unit fioor area is based on the gross building floor area.
Gross Floor APl ... 69057.0 ft°
Conditioned Floor Area 69057.0 ft*

FROM THIS POINT

wcel FORWARD WE WILL NOT
REFER TO ANY OPERATING
COST RESULTS IN THE
MANUAL.

WE WILL EXAMINE OUR
RESULTS FOR TRINIDAD....
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Annual Cost Percent of Total
Component ($lyr) ($/it) (%)
HVAC Components
Electric 56,374 0.816 31.8
Natural Gas 33,262 0.482 18.8
Fuel Oil 0 0.000 0.0
Propane 0 0.000 0.0
Remote Hot Water 0 0.000 0.0
Remote Steam 0 0.000 0.0
Remote Chilled Water 0 0.000 0.0
HVAC Sub-Total 89,636 1.298 50.6
Non-HVAC Components
Electric 61,823 0.895 349
Natural Gas 25,725 0.373 14.5
Fuel Qil 0 0.000 0.0
Propane 0 0.000 0.0
Remote Hot Water 0 0.000 0.0
Remote Steam 0 0.000 0.0
Non-HVAC Sub-Total 87,548 1.268 494
Grand Total 177,184 2.566 100.0
Note: Cost per unit floor area is based on the gross building floor area.
Gross Floor Area .......ccccceveveevieesiciiciiieninns 69057.0 ft?
Conditioned Floor Area .............. ... 69057.0 ft
Annual Cost HVAC and Non-HVAC
RESULTS FOR TRINIDAD.... |«
HVA(C
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Appendix “A” Air System Schematics

AIR SYSTEM SCHEMATICS
CONSTANT VOLUME - SINGLE ZONE C.A.V.

AIR SYSTEM COMPONENTS
AR BYSTEMOPTIONS ~ ==-===-==-

L MIXING BOX

AIR SYSTEM SCHEMATICS
CONSTANT VOLUME - MULTIZONE
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AIR SYSTEM SCHEMATICS
CONSTANT VOLUME - BYPASS MULTIZONE
LEaEND:
AIR GYBTEM COMPONENTS ——
A1 GYSTEM OPTIONS.

AIR SYSTEM SCHEMA'

TICS
VARIABLE VOLUME - 2- FAN DUAL DUCT V.AV,

7
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AIR SYSTEM SCHEMATICS
CONSTANT VOLUME - SINGLE ZONE C.A.V.
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AIR SYSTEM SCHEMATICS
CONSTANT VOLUME - MULTIZONE

LEGEND:
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AlIR SYSTEM COMPONENTS
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AIR SYSTEM SCHEMATICS
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PRI S— : \
sl r—|” "C' TOHiAch s B
e e O
QUTDOOR /:::’n': :'::‘:
DA I, ;;Jl,"CII,'CI "'C"'JC' "
1o d M M [ A A 7 s
RO |- wisit i
! 7 e
! ™
! lﬁﬂ e —freea]
1
|
=58 mim
DAMP. MRy, CPTIONAL RETURN FAN
4 I e 0
N ' \’— 5 — mm
T L
ol Tt FYA ZONE
et
Py
LEGEND: g
<L et o
AIR SYSTEM COMPONENTS g
T
AIR SYSTEM OPTIONS S e 2 e
g
I'.;‘I’ 7 P Wealilation Fan @ @)
i i ;
_ { : T 2
—— I: h : :@J ,-”m-"iam:“. | ventitation To
’% 1"-05“,.0,‘ :ll 1 i ; s i“?iﬂ‘""-‘"?; | Qther Zones
e il o |
Wentilaton dir |
" Heating ( Cooling
: Colls
1
|
1
- Exhaust Fan y
1" (Cotonal} B | -
o | e iy
: rl: ; H ™ ".g,......_.
oo o ok Nl ZONE
e = e thermoslat control}
"t
LEGEND:
AIR SYSTEM COMPONENTS ——
AIRSYSTEMOPTIONS ~  ~-~==--""~ Cther zones
5 —_—
CAV Tempering Ventilation System Schematic




[ENERGY SIMULATION]

AIR SYSTEM SCHEMATICS
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AIR SYSTEM SCHEMATICS
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AIR SYSTEM SCHEMATICS
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AIR SYSTEM SCHEMATICS
VARIABLE VOLUME - 2- FAN DUAL DUCT V.A.V.
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AIR SYSTEM SCHEMATICS
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AIR SYSTEM SCHEMATICS
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AIR SYSTEM SCHEMATICS
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AIR SYSTEM SCHEMATICS
WATER SOURCE H.P. WITH CENTRAL VENTILATION
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