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DESIGN CHARACTERISTICS

4 PIPESYSTEM - SUPPLY & RETURN HOT WATER AND CHILLED WATER
INDUCED ROOM AIR RECIRCULATED/RECONDITIONED

57 °F CHILLED WATER SUPPLY TEMPERATURE

120 °F HOT WATER SUPPLY TEMPERATURE

SIZING

MINIMUM REQUIRED VENTILATION AIR
PRIMARY AIRFLOW SIZED TO ACCOMMODATE LATENT LOAD

CONSTRUCTION CONCERNS

4 PIPING CONNECTIONS
PRIMARY AIR CONNECTION
PRECISE PLACEMENT WITHIN SUSPENDED CEILING GRID

SCHEMATIC

PRIMARY AIR » \

MIXED SUPPLY AIR » . ¢ HEAT TRANSFER

FINS

A INDUCED ROOM AIR

BuildingGreen.com (Modified)
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=103 kWh
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2,390
2,380;
2,370
2,360;
2,350
2,340
2,330
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2,310
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2,300{
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=10°BTU/hr

MBh

10,000

ANNUAL HEATING CONSUMPTION

9,000
8,0001
7,000
6,0004
5,000
£4,000;
3,000
2,000

1,000
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THESIS GOALS ANNUAL ELECTRICITY CONSUMPTION ANNUAL HEATING CONSUMPTION BASELINE OPTION A
PROPER FACILITIES ECONOMICALLY FEASIBLE 2,390 10,000 ANNUAL COMPARISON g s BASELINE
ACOUSTICALLY CORRECT CONSCIOUS CONSUMPTION s I e — ENEREY IMBH] e (1.501)| 9%

- - e R — ELECTRICITY [MWh] 2,386 (42)| 2%
BUILDING INFORMATION = o SRt I HEATING [MBh] 9,408 (1,447)| -15%
GENERAL INFORMATION ﬁ; S — § K — AIRFLOW AHU-1| [CFM] 65,906 (6,519) | -10%
BUILDING LAYOUT ELS (1.7%) 2 T AHU-2| [CFM] 49,725 (163)| o%
A ANTEAL AN EE g S é:'; . AHU-3| [CFM] 16,599 (383)| 2%

e = T AHU-5| [CFM] 5,131 86| 2%
OPTION A SYSTEM ZONING S T EMISSIONS [Ib CO2] 232,395 (36)| -0.02%
OPTION B ENERGY IMPACT SagT T UTILITY COSTS [$] $ 279,697.47 $(15,348.65)| -5%
DEMAND CONTROL VENTILATION FIRST COST
BASELINE OPTION BASELINE OPTION

ACO U STI C ANALYS I S A A MECHANICAL FIRST COST [$] $ 8,472,706.00 +$121,606.23 1%

RECOMMENDATIONS
CLOSING
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ACTIVE CHILLED BEAMS - OPTION B

BASELINE

15 BASEMENT ROOMS
16 ACTIVE CHILLED BEAMS
20/ BUILDING AREA

OPTION A

BASEMENT & GROUND FLOOR ROOMS
442 ACTIVE CHILLED BEAMS ADDED
4.7%0 BUILDING AREA CHANGED

OPTION B

BASEMENT, GROUND, 1%, 2™ & 3 FLOOR ROOMS
98 ACTIVE CHILLED BEAMS ADDED
19% BUILDING AREA CHANGED

SYSTEM ZONING - OPTION B

Tl [T ET

—- POm T - ' ' "m iegiE gl L___‘
A BASEMENT FLOOR CHILLED A GROUND FLOOR CHILLED
BEAM EXPANSION BEAM EXPANSION

BASELINE

OPTION A

OPTION B

. g . e
I & =1 - - -
iy m—
| SO getin 1 f 4 e 50 I

A SECOND FLOOR CHILLED BEAM A THIRD FLOOR CHILLED BEAM
EXPANSION EXPANSION
DRAWINGS © ARCHITECT OF RECORD (MODIFIED)
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MWh

ANNUAL ELECTRICITY CONSUMPTION
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2,370
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2,340
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2,320
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2,300{

(1.7%0)

_

BASELINE OPTION OPTION

A

B

23



INTRODUCTION ACTIVE CHILLED BEAMS - OPTION B
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PROPER FACILITIES ECONOMICALLY FEASIBLE 2,390 10,000
ACOUSTICALLY CORRECT CONSCIOUS CONSUMPTION 2380 5,000
2,370 8,0004——

BUILDING INFORMATION S 23— S 7000———
GENERAL INFORMATION W AT 6,000 ———
BUILDING LAYOUT o 2360 (1.7%) o 5000——

-§ 2,330}—8M8 J'é 4,000———
MECHANICAL ANALYSIS = = S 3°°
OPTION A SYSTEM ZONING SR 2T
OPTION B ENERGY IMPACT B L
DEMAND CONTROL VENTILATION FIRST COST

BASELINE OPTION OPTION BASELINE OPTION OPTION
A B A B
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INTRODUCTION ACTIVE CHILLED BEAMS -OPTION B COMPARISON MATRIX

THESIS GOALS ANNUAL ELECTRICITY CONSUMPTION ANNUAL HEATING CONSUMPTION BASELINE OPTIONA OPTION B
PROPER FACILITIES ECONOMICALLY FEASIBLE 2,390 10,000 ANNUAL COMPARISON e g Vs BASELINE
ACOUSTICALLY CORRECT CONSCIOUS CONSUMPTION 2380 — e I— ENEREY IMBH] T G|l o G|
- T e A — ELECTRICITY [MWh] 2,386 (42) | -2% (58)| -2%
BUILDING INFORMATION z M SRt I HEATING [MBh] 9,408 (1,447) | -15% (1,750) -19%
GENERAL INFORMATION 3 2'35:— 0 § 6::2— AIRFLOW AHU-1| [CFM] 65,906 (6,519) | -10% (18,942)| -29%
e p 2'-:0 &) 2 i’ooo AHU-2| [CFM] 49,725 (163)| o% (163)| 0%
= £ 7 AHU-3| [CFM] 16,599 (383) -2% (383)| -2%
MECHANICAL ANALYSIS = = AHU-5| [CFM] 5,131 86| 2% 3325 65%
OPTION A SYSTEM ZONING e T EMISSIONS [Ib CO2] 232,395 (36) | -0.02% 2,720| 1.2%
OPTION B ENERGY IMPACT SagT T UTILITY COSTS [5] $279,697.47 $(15,348.65) | -5% $(18,804.99)| -7%
DEMARD CONTROEVERTIEATON FIRSTCOST BASELINE OPTION OPTION BASELINE OPTION OPTION
ACO U S-I-I C ANALYS I S A 5 A - MECHANICAL FIRST COST [$] $ 8,472,706.00 +$121,606.23 1% +$ 488,520.15 6%
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AHU -3
BAS
e o0 0 0 o0 CONTROL e e e 66 e AHU'S

|
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DEMAND CONTROL VENTILATION FIRST COST
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CHW
RECOMMENDATIONS PUMPS
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INTRODUCTION DEMAND CONTROL VENTILATION [DCV] CALCULATED RESULTS

TH E S | S G OALS HEATING DESIGN CONDITION COOLING DESIGN CONDITION
PROPER FACILITIES ECONOMICALLY FEASIBLE 7,000 350
ACOUSTICALLY CORRECT CONSCIOUS CONSUMPTION

300

250——

(22%)

BUILDING INFORMATION @ AHU -1
GENERAL INFORMATION
AHU -2

2004—m8m8m

BUILDING LAYOUT

|

150f——mm

MBh = 10° BTU/hr
1,000 TONS

MECHANICAL ANALYSIS : 00—
OPTION A SYSTEM ZONING o i e
OPTION B ENERGY IMPACT o AHU -3 bCv
DEMAND CONTROEVENTIEATION RS TCOST : : PERFORMANCE OFFICE SPACES PERFORMANCE OFFICE SPACES
SEQUENCE NORMAL WORK WEEK [8 AM - 6 PM] DECREASED EQUIPMENT RUNTIME
CHW NO SHOWS MONDAY - THURSDAY BETTER SERVES ACTUAL BUILDING LOADS
RECOMMENDATIONS PUMPS PIIE:E::DOAI?YM@ANﬂSII\E/IS: IMPROVED LOAD FOLLOWING

SATURDAY @ 2PM & 7PM

CLOSING SUNDAY @ 2PM
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ODEON REVERBERATION TIME STUDY

A ORCHESTRA LEVEL SEATING
REVERBERATION TIME GRID
RESPONSE

2 ,ﬂ,hb

o
ﬁgg % Igt@ﬁ‘ﬂ;ﬁi

4!@5# =g

A ORCHESTRA LEVEL SEATING REVERBERATION TIME GRID
RESPONSE [ISOMETRIC]

DESIGN REQUIREMENTS

T(30) =1.6 - 2.0 seconds

RESULTS

ORCHESTRA LEVEL
T(30) ~ 3.0 - 3.5 seconds

FIRST BALCONY
T(30) ~ 3.2 - 3.5 seconds

SECOND BALCONY
T(30) ~ 2.5 - 3.5 seconds

THIRD BALCONY
T(30) ~ 2.6 - 3.3 seconds
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T
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= L
i [ IE-
i | :lﬂl— EEm= Ei!'-
TN e L .-i
A FIRST BALCONY SEATING A SECOND BALCONY SEATING ATHIRD BALCONY SEATING
REVERBERATION TIME GRID REVERBERATIONTIME GRID REVERBERATIONTIME GRID

RESPONSE RESPONSE RESPONSE

DESIGN REQUIREMENTS

T(30) =1.6 - 2.0 seconds

RESULTS

ORCHESTRA LEVEL
T(30) ~ 3.0 - 3.5 seconds

FIRST BALCONY
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ROOFTOP HVAC EQUIPMENT IMPACT

AHU-2 »

AHU-1 »

YV AHU -3
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DESIGN REQUIREMENTS
SPL(A) = 25 -30 dBA (NC - 20)

RESULTS
ORCHESTRA LEVEL
SPL(A) ~30 - 40 dBA (NC - 35)
BRI Tz 2
Tt e il FIRST BALCONY
2 |7 WA SPL(A) ~ 27 - 37 dBA (NC - 32)
. SECOND BALCONY
SPL(A) ~32 - 52 dBA (NC- 47)
A ORCHESTRA LEVEL SEATING A ORCHESTRA LEVEL SEATING SPL(A) GRID
SPL(A) GRID RESPONSE RESPONSE [ISOMETRIC] THIRD BALCONY

SPL(A) ~ 42 - 58 dBA (NC - 53)
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|

- ixi
L. . Fh"ﬁ == Ry
i et | iE= oy I vl L
A FIRST BALCONY SEATING A SECOND BALCONY SEATING ATHIRD BALCONY SEATING
SPL(A) GRID RESPONSE SPL(A) GRID RESPONSE SPL(A) GRID RESPONSE

DESIGN REQUIREMENTS
SPL(A) = 25 -30 dBA (NC - 20)

RESULTS

ORCHESTRA LEVEL
SPL(A) ~30 - 40 dBA (NC - 35)

FIRST BALCONY
SPL(A) ~ 27 -37dBA (NC - 32)

SECOND BALCONY
SPL(A) ~32 - 52 dBA (NC - 47)

THIRD BALCONY
SPL(A) ~ 42 - 58 dBA (NC - 53)
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CHILLED BEAM ANALYSIS
OPTION A

4.2 ACTIVE CHILLED BEAMS

$15,348 ANNUAL ENERGY SAVINGS
$121,606 ADDED FIRST COST
$97,596 TCO SAVINGS (20 YEARS)

OPTION B

Q8 ACTIVE CHILLED BEAMS

$18,805 ANNUAL ENERGY SAVINGS
$488,620 ADDED FIRST COST

- $214,529 TCO SAVINGS (20 YEARS)

37



INTRODUCTION
THESIS GOALS

PROPER FACILITIES ECONOMICALLY FEASIBLE
ACOUSTICALLY CORRECT CONSCIOUS CONSUMPTION

BUILDING INFORMATION

GENERAL INFORMATION
BUILDING LAYOUT

MECHANICAL ANALYSIS

OPTION A SYSTEM ZONING
OPTION B ENERGY IMPACT
DEMAND CONTROL VENTILATION FIRST COST

ACOUSTIC ANALYSIS

INTRODUCTION
REVERBERATION TIME
BACKGROUND NOISE LEVEL

RECOMMENDATIONS
CLOSING

RECOMMENDATION

CHILLED BEAM ANALYSIS
OPTION A

4.2 ACTIVE CHILLED BEAMS

$15,348 ANNUAL ENERGY SAVINGS
$121,606 ADDED FIRST COST
$97,596 TCO SAVINGS (20 YEARS)

OPTION B

Q8 ACTIVE CHILLED BEAMS

$18,805 ANNUAL ENERGY SAVINGS
$488,620 ADDED FIRST COST

- $214,529 TCO SAVINGS (20 YEARS)
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45% ENERGY SAVINGS (OFFICE)
20% ENERGY SAVINGS (PERFORMANCE)
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ACOUSTIC ANALYSIS

~NC - 35 BACKGROUND NOISE LEVEL
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