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The Bullitt Center in Review

Modeled vs. Actual Energy Use and Lessons Learned for Energy Modeling

February 15, 2017
Building Energy Simulation Forum

Ben Burnett, PE, PAE
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Modeling Tools & Methods

eQUEST - Overall Energy Use
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Modeling Tools & Methods

eQUEST Natural Ventilation

 Limited to certain
system types

 Limited to fixed air
changes or crack
method

« Limited algorithms for
opening/closing
schedules




Modeling Tools & Methods

Bentley Tas

Hourly natural ventilation
analysis
« Multi-zone
» Single-sided, cross-
flow, stack-drive
ventilation

« Accounts for thermal
mass effects

« “Operates” building
openings based on
user inputs




Modeling Tools & Methods

Bentley Tas does not...

« Calculate airflow
patterns in the zone

« Calculate external
flow patterns.

« Directly model HVAC
system energy use




Tas Passive Cooling Model

« Based on same
GBXML file used
to create the

DOE2 model
- Used Tas to create an L
hourly infiltration —1
schedule {

Levs “llovel 3-GRNMOUSE



Modeling Tools & Methods

eQUEST Ground Source Heat Pumps

Chiller Properties

Currently Active Chiller: |HF1 (COOLING) j T

Basic Specifications ] Condenser ] Performance Curves ] Loop Attachments

Chiller Name: | WWHP-1 (COOLING)
Type: |E|e: Open Centrifugal j
Equipment Effi cy

Elec Input Ratio: ,T ratio
Loop Assignments Heat Input Ratio: ,7 ratio
CHW: [RADIANT SYSTEM L( ] Heating EIR: [ n/a ratio
CW: |GRC:UHD SOURCE L:ﬂ Compressor Configuration
HW: | ﬂ Compressors/Ckt: w7
HtRec: | ﬂ VSD Drive Used: |©
Meter Assignments Design vs. Rated Conditions

Electric Meter: EM1 h Chiller Specified At:
Fuel Meter: hd Cresign Conditions
Chilled-Wtr Temp: 44.0 *f

Condenser Temp: 85.0 °F

Design Cond

Dresign/Max Cap: 0.920 ratio

 GLHE used to size loop and
generate water temperature

spread for sensitivity
analysis on COP/EIR



Modeling Tools & Methods

eQUEST Daylighting Calibration

DOE2 Light Power Density Levels (W /sqft)
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Modeling Tools & Methods

Plug Loads

MISC FLATSCRE
|_aster BIG ASS REFRIGER WATER ICROWA DISHWASITHIN EQUIPMENIEN TVs or
|_aptop PC Monitors Cutter FANS ICOPIERS |JATOR ICOOLER VE HER CLIENT T Projectors
Phantom Load

Factor 0 Equip/Person 0.20 0.69 1.65 0.18 0.05 0.02 0.05 0.03} 0.0 0.15 1.00
atts/Equip 40 65 25 2000} 290 1100 200 770 1000 500 20 19 1600

atts/person 8.00 42.29 41.25 52.20 55.00 3.34 38.50 33.00 8.35 3.00 15.00
atts/sf 0.09 0.29 0.28 0.06 0.3 0.37 0.02 0.26 0.22 0.06 0.02) 0.10 0.05

USER INPUTS
WEEKDAY
' SCHEDULE

1 12-1AM 0 07 09 094 0% 07 39 509 0% 0% 09 09 07 07
2 -2 0 0% 09 09 09 0% 39 509 0% 0% 0% 09 07 07
3 -3 0 07 0% 09 0% 07 39 509 0% 09 0% 09 07 0%
4 B-4 0 07 0% 09 0% 07 3% 509 0% 0 0% 0 0%4 0%
5 b-5 0 0% 0% 0% 09 0% 39 509 0% 0% 0% 09 0% 07
6 5-6 0.09) 59 59 5 5% 09 39 509 0% 0% 09 5 59 59
7 6-7 0.1 109 109 10 7% 09 39 509 0% 0% 09 10 109 109
8 7-8 0.2 209 209 20 79 07 309 509 0% 0% 09 209 209 209
9 B-9 0.800) 80% 809 8094 7% 16% 309 509 0% 0% 0% 809 80% 809
10 p-10 0.800) 80% 80% 80%4 7% 16% 309 509 0% 0% 0% 809 80% 809
1 po-11 0.800) 80% 80% 80% 7% 16% 309 509 09 0% 0% 809 80% 809
12 [1-12PM 0.800) 80% 809 80% 7% 16% 309 509 09 25% 0% 809 80% 809
13 f2-1 0.500 509 509 509 7% 16% 309 509 09 100% 100% 509 509 809
14 -2 0.800) 80% 809 80% 7% 16% 309 509 0% 25% 0% 809 80 809
15 p-3 0.800) 80% 80% 80% 7% 16% 309 509 0% 0% 0% 809 80% 809
16 B-4 0.800) 80% 80% 80% 7% 16% 309 509 09 0% 0% 809 80% 809
17 @5 0.800) 80% 809 80% 7% 16% 309 509 09 0% 100% 809 80% 809
18 56 0.6 607 609 60 7% 169 309 509 0% 0% 09 60 60% 60%
19 B-7 0.4 409 409 40 59 07 309 509 0% 0% 09 404 409 409
20 -8 0.2 209 2094 209 5% 07 39 509 0% 09 0% 209 209 209
21 B9 0.1 10% 1094 104 5% 0% 3% 509 0% 0 0% 10! 109 10%
22 p-10 0.1 1094 109 1094 5% 0% 3% 509 0% 0 0% 109 1094 109
23 [10-11 0.09) 5% 5% 5% 0% 0% 39 509 0% 0% 0% 5% 59 59
24 [11-12AM 0.09 59 59 5% 0% 09 39 509 0% 0% 09 59 59 59




Modeling Tools & Methods

Plug Loads

Additional Direct Loads: &
« Servers

« Ceiling Fans
« DDC System
« Elevator

« Toilets

« Garage Door
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Bullitt Center Performance

Net positive building
EUI 12.1 in 2016 | Predicted EUI of 16

85% occupied



Bullitt Center Performance

Predicted vs. Actual

2016

2015

C—PV Exported to SCL

2014

2013
I SCL Power Used

00000000000
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Q QL 9 Q9 9 9
000000
666666

=PV Used by Bullitt
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Bullitt Center Performance

Predicted vs. Actual

Electric Consumption, kWh
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Bullitt Center Energy

Predicted Energy Production & Consumption

45,000
40,000
~~
< A N\ N\ N\
= 35,000
s \ [\ [\ [\
N
e 30,000
° \ [\ [\ /
5
Q. 25,000
£
‘320000
: 4
S
\ \ \ \
o
® 10,000
: \/ / \J \
5000 - 2013 - 2014 - 2015 “_ 2016 -
0
AN @@ S QS A S S S
RN O 2 O O 2 O O RN
N ({9(&00\»’?’%\/& AN & 00°®§“'Z§ N N 00°®€\7§ >N S L
Q‘@ 046 B Q@ OAQ/ N Q@ OAQJ B Q,@ @
e X AN AN AN

—Predicted Energy Consumption

—Predicted Energy Production



Bullitt Center Energy

Actual Energy Production & Consumption
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Bullitt Center Energy- Proposed Energy Use

Copiers & Printers, 7%
Refrigerators, 1%
Microwaves, 1%
Dishwashers, 0.4%

Toilets, 0.2%

Garage Door Opener, 0.1%
DDC System, 5%

Other Misc.Allowance, 5%

@ Liohs, 23%

& Space Heating, 3%
:eé;: Space Cooling, 2%
3‘;3 Ventilation Fans, 7%

@‘)‘_] Pumps, 10%
IT Servers, 7%

Laptops, 2% B
Workstations, 8% E -

Monitors, 9%

(4 &) Elevator, 3%

@ Domestic Hot Water, 3%




Bullitt Center Energy

Actual Energy Production & Consumption

BULLITT CENTER ACTUAL ENERGY USE BULLITT CENTER MODELED ENERGY
BY END USE USE BY END USE
Dom. Water
4% \ Elevator
T 3%

8%
Plugloads \
/ 25%

Plugloads
44%

Overperformance
25%

Elevator
2%

Dom. Water \HVAC
6% 23%
T
8% Lights/

11% 19%



Bullitt Center Energy

Remove Tas Discounts?

BULLITT CENTER ACTUAL ENERGY USE BULLITT CENTER MODELED ENERGY
BY END USE USE BY END USE
Dom. Water
3% \ Elevator
IT 3%

Overperformance
27%

Elevator

1% 0/ .

Dom. Water
6%

T _ J
7% Lights

11%

8%
Plugloads \
/ 250, Plugloads
43%

23%

21%



Bullitt Center Energy

Energy Consumption (kWh)

HVAC
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Bullitt Center Energy

Energy Consumption (kWh)

HVAC - No Tas Discount
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Bullitt Center Energy
HVAC - Causes?
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Performance

Predicted Weather

Predicted Values (TMY3)
Temperature and Humidity Plot, Seattle, WA
All Hours
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Performance

Actual Weather

Actual Values (from Bullitt DDC)
Temperature and Humidity Plot, Seattle, WA
All Hours
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Bullitt Center Energy

Lighting
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Bullitt Center Energy

Energy Consumption (kWh)

Plug Loads
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Lessons Learned

HVAC - Better Tools?

Integration of Natural
Ventilation

« IES
« Energy+/OpenStudio?

Integration of Ground
Source

WWHP Models?




Lessons Learned

Lighting/Plug Loads




7 PAE  Creating a better
environment

Ben Burnett, PE

Mechanical Engineer
ben.burnett@pae-engineers.com
503-226-2921

522 SW 5th Ave, Suite 1500
Portland, OR 97204



Comparison with CFD

o099 =

Modeled at 10
MPH wind

Total Airflow
between 2500
and 10,000
CFM.



Comparison with CFD

10 MPH Wind, windows open
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Natural Ventilation and Cooling

Seattle, Washington

indoor operative temperature ( °C )

32

30

28

26

24

22

20

18

16

14

50F 59 F 68 F 77T F 86 F 95 F
\ [80% acceptability limits |
Seattle Summer Range
10 15 20 25 30 35

mean monthly outdoor air temperature (°C)

Seattle Summer Design = 85F

Acceptable Indoor Temperatures

860F

824F

788 F
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T16F

680F
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608 F



Bullitt Center Comfort Study

anil Foaor Soufh

Oco Al

|

Total Hours Space Temperatures Falls in 1°F Bins
350
u>85
300 M 84 to 85
[ Not Comfortable

2 W 83to 84
3 250 8210 83
I =
L
o . 81to 82 Comfortable with
1o
g 200 — 80to 81 Ceiling Fans

150 . m78t0 79

77t078 | Comfortable
100 76t0 77
75to 76
50 — -
0 T
1st 1st 2nd 2nd 4thSouth  4thSouth  6th North  6th North
No Cooling  Radiant NoCooling Radiant NoCooling Radiant NoCooling Radiant
Cooling Cooling Cooling Cooling
-4 W
{ - camat haem




Passive Cooling

°F

115
110
105
100

60
55
50

Zone Temperature for South Office Space w/o Mechanical Cooling
August 9th-11th (Thrus-Sat)

/ \ / \ Seattle Design
SN / ~ N "\ Temp=85°F

o~ v Ll Actuated windows
7 allow for weekend
Trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrtr" COOIing

12:00 6:00 12:00 6:00 12:00 6:00 12:00 6:00 12:00 6:00 12:00 6:00
AM AM PM PM AM AM PM PM AM AM PM PM

----Qutside Air

No Operable Windows

Manual Windows Actuated Windows w Night Flush



Performance- Thermal Comfort

Windows Closed

Zone 1 67.89 ° Slab Temp L
D
8
Zone Valve O : ‘ 6
67.5° Slab Temp || £
/ Zone 5 -8
c
Zone 4 Zone Valve O §
69.06 ° Slab Temp
. | ¥4 Va
Mechanical Schematic / = " il
WSHE S, 1 68.3°
WWHP's 2 -4 68.28 ° SAT ' Gy
i 46.20 % RH
527 ppm CO2 -I _
68.12 ° SAT™ . 68.94 ° SAT ( 3
45.96 % RH—{|< 45.21 % RH = 3
550 ppm €02 = 576 ppm CO2
> m I B |
@ |
] |
O° |
4
(o)
S
= Control for Zone 2 and
> * Heating TU 61
Zone 3¢, 592 Siab Temp s Vatve |
Zone Valve () 47.12 ° Dewpoint Q 5
R T 47.56 % RH Zone 2 67.55 ° Slab Temp 2
2 67.7] 518 pprm CO2 : 3
] - )
71 60.76 ° Slab Temp z
Windows Closed 47.61 ° Dewpoint o
| 46.89 % RH S

I 513 ppm CO2




Performance- Thermal Comfort

North Zone Summer Temperature Profile
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Performance- Thermal Comfort

North Zone Summer Temperature Profile
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Performance- Thermal Comfort

North Zone Summer Temperature Profile
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Performance- Thermal Comfort

South Zone Summer Temperature Profile
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Performance- Thermal Comfort

South Zone Shoulder Temperature Profile
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Performance- Thermal Comfort
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Performance- Thermal Comfort
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South Zone Winter Temperature Profile
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