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General Building Information

Building Name:
Location:

Occupancy Type:

Gross Building Area:
Total Number of Stories:
Total Renovation Cost:
Dates of Renovation:
Project Delivery Method:

SHA Headquarters—707 Systems Renovations
Baltimore, MD

Office Building
226,000 SF

8 (including 2 below grade) Stdtt‘ Hl“'][‘x‘ul\,
Appl"OX. $4’435’500 A:In'll.ln!.stratmnluz.l. N .

9/2010 — 5/2013
Design-Bid-Build

The 707 Building Primary Project Team

AE Firm

J N

JOHNSON, MIRMIRAN & THOMPSON Architect

Engineering A Brighter Future®

INTEG

Architects
Engineers
Construction Managers

i ' [
__A‘I ...___..?-'Ir___‘

Mechanical Contractor

Wgnal] & Cco.inc.



http://www.marylandroads.com/home.aspx
http://www.jmt.com/
http://www.getignall.com/
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Alr Side

Built-up air handler with steam preheat, filters, cooling
coil, and steam reheat coil

Constant volume
Serves perimeter induction units on 6 office floors

Built-up air handler with filters and cooling coil
Constant volume

Serve core of 6 office floors - one north, one south

(534) perimeter induction units on 6 office floors

Existing Mechanical System

Water Side

Plant includes dual compressor, single condenser, single
evaporator chiller and primary chilled water pump

Induced draft cooling tower

(2) gas-fired steam boilers
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Air Side

Replace with 32,000 CFM unit
Constant volume
Continue serving perimeter of 6 office floors

Replace with 30,000 and 37,000 CFM units
Constant volume
Continue serving core of 6 office floors

Replace (534) perimeter induction units on 6 office floors

Planned Mechanical System Redesign

O Energy efficiency
0 Occupancy comfort

Coals

O Disturbance to tenants
L Maintenance requirements

Water Side

(2) hot water boilers - no steam




Mechanical System Redesign Proposal

| cooling aux cooling ceils
\ A active chilled beams
B B ® ®
. P . "
¥y . % ' AU ol

preheat/ main
main heating  <ooling
coll  coll aux heating coil
convective or
forced flow
space heater

active chilled beams

@ ® |

S e
v 4 2 L) P £ A ¥

* Replace induction units with
« Redesign water distribution system to

Benefits

Enhance occupancy comfort
Few maintenance requirements
Highly energy efficient

Enhance occupancy comfort
Additional flexibility and control
Constant availability of heating and cooling
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Four-Pipe

optional
exhaust/return
fan

optional
exhaust/return

Existing Piping Analysis fan

Installation & Results
Chilled Beam Renovation

Background g -

Sizing and Selection °

Energy Consumption and Operation preheat cooling
Results coil coil

Construction Management — Breadth
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Schedule
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auxiliary coil

cooling
fan

preheat cooling
coll coil
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= . Induction Air & Water
Existing Mechanical System
Mechanical System Redesign - Depth u
Two-Pipe to Four-Pipe Conversion sos M’ d « 15 vertical runs
Background

=t

: (oﬂr‘%ﬁt) ==
Installation & Results E

Chilled Beam Renovation

Background
Sizing and Selection
Energy Consumption and Operation

. = —|

Results el B el B e e e e

Construction Management — Breadth ﬁ.ﬁ'm.
R R L T e E R
Background = o
Schedule ‘
] e T bl (e e e e el e
Cost Estimate : ' JH.'l
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Installation

15 vertical runs
6,000 LF

Hot water piping of 1-1/2”

COOLING

1
"||HEATING

COOLING

Heat Exchanger

Results

Quality of performance
Ease of operation
Initial cost

No zoning of two-pipe system

No changeover from heating to cooling = decreased
energy consumption
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[Presentation Outline Background [Passive Chilled Beam
Project Information

Existing Mechanical System
Mechanical System Redesign - Depth

Two-Pipe to Four-Pipe Conversion
Background
Existing Piping Analysis
Installation & Results

Chilled Beam Renovation

Can both heat and cool * Only supply cooling
Water can transport energy more efficiently than air * No fans, ductwork
« Chilled water piped to finned tube heat exchanger coil

Ceiling/Roof
: e " ___Threaded

Sizing and Selection

Energy Consumption and Operation S Passive
i 1 i 2 O ot | g pmm iy . —— Chilled Beam
Results * Area of induction unit ~ 2ft aih, Cooling Coil
Construction Management — Breadth Total SF *
Background Existing 171,630 f
Schedule Induction Units 1,112

Natural Convective Cooling

Cost Estimate Proposed 172,742
Payback Analysis L Prie

Conclusions and Recommendations e Active
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UURNWN -

Active Chilled Beam (ACB)

Primary air supplied through nozzles
Room air rises to ACB

Air pulled through secondary water coil & induced air is cooled/heated

Primary air and induced air mixed
Discharged through diffuser

ACTIVE CHILLED BEAMS IN COOLING AND HEATING MODE

Cooling Mode

Ventilation air supply ———

Crucial

Lower operating cost
Lower energy consumption
Highly efficient

Greater occupancy comfort
Little maintenance

Reduced ductwork

Increased usable square footage

Less Concern
Noiseless
Higher ceiling heights
Future tenant flexibility

Cool discharge air Warm room air

Ventilation air supply

52\

Cooling coil

5/ J2\

Cooler room air

Warm discharge air
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Sizing

Sensible cooling refers to dry bulb temperature of the building

Latent loads must be satisfied by primary air

If Latent Cooling Capacity > Latent Load, primary air can support latent load sty ﬁ

Floor

1st

Zone

SW

People | Primary Air Sensible Cooling Capacity
CFM BTU/hr
10

Selection

Calculate minimum ventilation air from ASHRAE Standard 62.1 « 4-pipe ceiling unit

« 2-way supply discharge
« Delivers higher energy efficiency at lower air quantities

Primary Air Plenum

¢, Secondary Gooling Coil "
looooooo )k %
p ©O0000 00|\ N

—ad)

Latent Load Latent Cooling

iBTU/hri Caiacité iBTU/hri




Presentation Outline Sizing Selection

Project Information m—— =
Existing Mechanical System Cooling
Mechanical System Redesign - Depth Calculate minimum ventilation air from ASHRAE Standard 62.1 Primary i
T Pine to F Pine C : Coil el elale Coil | Total |
wo-Pipe to Four-Pipe Conversion

Background

[y
&)

2410

N
(&)

CEM
| 15
[ 20 |
| 30 | | 1385 | 2070 | 1835 | 2520 | 2005 |
Existing Piping Analysis . i i ildi 30 1385 | 2070 | 1835 | 2520
e Si p&g Ity Sensible cooling refers to dry bulb temperature of the building —
L L L [ 40 | 3480
i i T | 2140 | 3165 L 2525 | asso | 2720 | 3745
Chilled Beam Renovation ol -
Background N : : [ 2610 | 3560 | 3050 | 4305
J « Latent loads must be satisfied by primary air | c0 | 3980 4510
= 4710
i i 3280 | 4875
Energy Consumption and Operation s o
Results Il 2305 | 5130
Construction Management — Breadth ; : : :
Bac?(groun g « |If Latent Cooling Capacity > Latent Load, primary air can support latent load
Schedule . DADANCO’s rule of thumb Floor Zone Area Number of

. ft2 Unit
Cost Estimate ) nits

Payback Analysis Floor | Zone | People | Primary Air Sensible Cooling Capacity Latent Load Latent Cooling Lt South West B
: : CFM BTU/hr Capacity (BTU/hr
Conclusions and Recommendations PP 10 1134 103




Presentation Outline

Project Information
Existing Mechanical System
Mechanical System Redesign - Depth

Two-Pipe to Four-Pipe Conversion
Background
Existing Piping Analysis
Installation & Results

Chilled Beam Renovation

Background

Energy Consumption and Operation
Results

Construction Management — Breadth
Background
Schedule
Cost Estimate
Payback Analysis

Conclusions and Recommendations

Sizing Selection

Calculate minimum ventilation air from ASHRAE Standard 62.1 « Comfort
» Uniform temperatures throughout
« Elimination of drafts and hot spots

Sensible cooling refers to dry bulb temperature of the building

Latent loads must be satisfied by primary air

Localised air induced ; & LAl s | Localised air induced
into the ACB and ;R { into the ACB and
returned to the space i L0 returned to the space
for cooling ] AN Y for cooling

If Latent Cooling Capacity > Latent Load, primary air can support latent load

Floor

Zone | People | Primary Air Sensible Cooling Capacity Latent Load Latent Cooling

CFM BTU/hr BTU/hr Capacity (BTU/hr
1st SW 10 50 1134 148 303
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ASHRAE HOF Summer Design Cooling Winter Design Heating
Values
Ene oADry Bulb (°F)
OA Wet Bulb (°F)

! 1 . o
Midnight 7 a.m. atlng 32 /O

Start Time | End Time | Percentage
Midnight 7 a.m.
7 a.m. 8 a.m.
8 a.m. 11 a.m.
11 a.m. Noon
Noon 1p.m.

7 a.m. 8 a.m. les - 22%
8 a.m. 10 a.m.

10 a.m. Noon o]ing -11%
Noon 2 p.m.

2 p.m. 4 p.m.

4 p.m. 5 p.m.

5p.m. 6 p.m.

6 p.m. 7 p.m.

7 p.m. 8 p.m.

8 p.m. 9p.m.

9 p.m. 10 p.m.

10 p.m. Midnight

1 p.m. 2 p.m.
2 p.m. 5p.m.
5p.m. 6 p.m.
6 p.m. 9p.m.
9p.m. Midnight

200000

Energy Consumption & Operating Cost

Monthly Energy Consumption

180000 == L Total Energy
160000 —{
140000 +— — i [Lishting 543,183 k}s| Start Time | End Time
120000 H — 1 HHH B
ol IEE BE B RRE L 496,624 .m. 7a.m.  Off-Peak
vl E B EEEEN —l m 341’429 .m. 180 a.m. M]s-Piak
- - ] e \ p.m. ea

60000 HHHHHHH H H
wo A E B EBEEE B % ;EG poling Lo 11 p.m.  Mid-Peak
20000 HHHHHHHHH H — 1,551,951 100%

0 . - - N t

8 A8 A &N & @@
&P Qv§§? F L I IS
\zg\(gp&“} v S ?’\; p Q@ 06‘004&;@0@@
Demand Charge Mid-Peak Off-Peak or
S/kW $/kWh) [ (cents/kWh) | (cents/kWh
Electricity 3.95 0.1155  0.0927 0.0882 (o] ¢
Up to first 10,000 therms | Above 10,000 therms
$/therm $/therm
Natural Gas 0.198 0.095
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Results

Lower energy consumption

Improved comfort

More usable square footage

No regular maintenance

Primary air reduction - duct reduction

No moving parts

Slide the return air grille panel toward the rear of the unit with | [
a slight upward lifting motion at the front edge of the panel

Lower the front edge of the return air panel when the edge of
the panel clears the grille extrusion

With the unit removed from the
ceiling, remove grille panel from
unit by removing hinge pin
securing screws at each side of
unit

Allow the return air grille to gently swing down, taking care
not to damage the painted surface of the grille against the
bordering extrusions

Percent PA Reduction = [1-(Primary Air CFM/Total Current Supply CFM)]*100

Average Percent of PA Reduction =

With % PA decrease, downsize amount of ductwork
Flex duct connects PA duct to PA spigot of ACB unit

5

flexible duct

primary air duct
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Existing System

Task Name

I
& iDuration

Typical Induction Unit 6 days
Replacement

Relocate Tenants / Start 0 days
Areal

Verify Existing Utilities 1day
Floor Protection & Move 1 day
Furniture

Drain Riser and Cap 1day
Piping

Demo Existing Induction 1day
Units

Patch & Paint Wall Area 2days
(NIGHT)

Install New Induction 2days
Unit

Clean & Replace Furnitur 1 day
Preliminary Balancing- 1day
Induction Units

Provide Balancing 1day
Report

Commission Induction  1day
Units

Subs. Complete Area/ 0days
Reoccupy Area

+ |Duration

Boiler Replacement 98 days
AHU 1 Replacement 91 days

Ductwork

20 days

Electrical Switchgear 31days
Remove Induction Units 303 days
Install New Induction Units 303 days

=2

v

Thu 5/12/11
Thu 5/12/11

Thu 5/12/11
Fri5/13/11

Fri5/13/11

Mon 5/16/11
Mon 5/16/11
Mon 5/16/11

Wed 5/18/11
Wed 5/18/11

Thu 5/19/11
Thu 5/19/11

Thu 5/19/11

Start

Mechanical System Renovation 419 days Wed 12/1/10 Mon 7/9/12

Thu 5/19/11

[Finish .|[ThuMayi2  [FriMay13  |satMayli4  [SunMay15  |[MonMay16 [TueMay17  |WedMay18 |ThuMay19 |
[12] 6 [12] 6 [12]6 [12[6 [12] 6 [12] 6 [12] 6 [12] 6 [12[ 6 [12[ 6 [12] 6 [12[ 6 [12] 6 [12] 6 [12] 6 [12]

Thu 5/12/11

Thu 5/12/11
Fri5/13/11

Fri5/13/11

Mon 5/16/11
Tue 5/17/11
Tue 5/17/11

Wed 5/18/11
Wed 5/18/11

Thu 5/19/11
Thu 5/19/11

Thu 5/19/11

~ iFinish

Mon 12/27/10 Wed 5/11/11
Wed 1/5/11  Wed 5/11/11
Tue 1/25/11  Mon 2/21/11

Sat 2/19/11

Fri4/1/11

Thu5/12/11  Mon 7/9/12
Thu5/12/11  Mon 7/9/12

[12] 6 [12[ 6 [12] 6 [12] 6 [12]

Proposed System

Task Name

Typical ACB Installation

Relocate Tenants / Start
Areal

Verify Existing Utilities
Floor Protection & Move
Furniture

Drain Riser and Cap Piping

Demo Existing Induction
Units

Patch & Paint Wall Area
(NIGHT)

Install ACB Units
Clean & Replace Furniture

| -
+ |Duration o

5 days

0 days

1day
1day

1day
1day

2 days

2 days
1day

Preliminary Balancing - ACB 1day

Units
Provide Balancing Report
Commission ACB Units

Subs. Complete Area /
Reoccupy Area

Task Name

Boiler Replacement
AHU 1 Replacement
Ductwork

Electrical Switchgear

4-way Piping Installation
Removal of Induction Units

Chilled Beams

1day
1day
0 days

Duration

Mechanical System Renovation 401 days

98 days
60 days
15 days
31days
60 days
225 days
225 days

bl

]Start - |Finish

Mon 5/16/11  Fri 5/20/11
Mon5/16/11 Mon 5/16/11

Mon 5/16/11 Mon 5/16/11
Mon 5/16/11 Mon 5/16/11

Mon 5/16/11 Mon 5/16/11
Tue5/17/11  Tue5/17/11

Tue 5/17/11 Wed 5/18/11

Tue5/17/11  Wed 5/18/11
Thu5/19/11  Thu5/19/11
Thu5/19/11  Thu5/19/11

Fri 5/20/11 Fri 5/20/11
Fri5/20/11 Fri5/20/11
Fri 5/20/11 Fri 5/20/11

Start o EFinish

Mon 12/27/10 Wed 5/11/11
Wed 1/5/11  Tue 3/29/11
Tue 1/25/11 Mon 2/14/11
Sat 2/19/11 Fri4/1/11
Thu5/12/11 Wed 8/3/11
Thu8/4/11  Wed 6/13/12
Thu 8/4/11 Wed 6/13/12

Wed 12/1/10 Wed 6/13/12

+ |Mon May 16 Tue May 17 Wed May 18

[12] 6 [12] 6 [12] 6 [12] 6 [12] 6 |

May19  |FriMay20 |
6 [12]6 [12] 6 [12]6 |
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Project Information
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. ; m o , BareUnitCog Bare Unit Cost Bare Unit Cos T"‘:’ Labor .
Mechanical System Redesign - Depth &= & S iR Bt Bl B sesnn] ol B ,
: : : —) M $2,400.00 « Relocating tenants
Two-Pipe to Four-Pipe Conversion - e o B oz B caoc sozs B cisasoo | b e oy
G /T ] [ so00 | " S152,20000 | . Verifying existing utilities
Tnsiall NewInductionUnits 58— S0 150 A , : :
Existing Piping Analysis Iﬁ y>,’ | * Floor protection & furniture moving
] - tem| | N se2721 [§ s23.40a | | sacs6 J| saes1 M se63748 | N . ; .
. Installation & ReSl:”tS o Dra]n]ng riser & pipe Capp]ng
Background
Sizing and Selection
Energy Consumption and Operation * Materials
Results S Description QY  Unit B’:“:t"'e:'? B"cf.s.u?i' “c'ﬁsf"" #:::;-& Labor Overhead Sub-Total e Labor
Construction M t — Breadth 0 E T e -
onstruction ivianagemen rea (7 | $3,550.00 | $86,550.00 « Equipment
Backaround o ) [Ductwork [ 2000 . | so7s N s275 | soso N soos | soss N ssei2s0 |
e n"‘;; SRemoveinductionUnis | 526 | A | 500 | R
Schedule S Ceam ORI T B E— |
o > — | 5
e a 2] =- | 5143,620.0 * 5% sales tax
aypac nalysis | s73313 f s21312 | s1001 | 5925,665

. ' « 20% labor overhead
Conclusions and Recommendations
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Existing
System

Proposed
System

Cost Estimate Payback

¢ : 2 Taxes -
Bare UnitCos  Bare Unit Cost  Bare Unit Cost Labor
Description ary Unit 4 g Material & Sub-Total
- Material - Labor - Equipment = Overhead
Equipment
AHUS-1707 $90,000 512,000 $1,000 $4,550.00 $2,400.00 $109,950.00

[ ]
Ducrwers (o | o [ sm | s 511,625 0 ellergy SaV]IIgS per year
Remove Induction Units EN $300 ] $192,240.00

A
Floor by Floor Ductwork Modifications | 12 52,550 $11,000 _ 512750 | 52,200.00 |oeden30ilem

initial cost increase

INncrease

)
2 Bare Unit Bare Unit Taxes - '
— an e e BT PO palie mooemes s Potential payback of ears!
Labor Equipment Equipment
New AHU §-1 707 | 1 | ea | $70,000
Ductwork 1,000 0.7

Remove ndocton U N

New Active Chilled Beam Units A $750

1
Floor by Floor Ductwork Modifications
4-way Pipe 6,000 11 $9.65 : $1.93
i s | s | e | sesa
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Conclusions

v Energy efficiency v" Disturbance to tenants
v" Occupancy comfort v' Maintenance requirements

v Lowered operating cost
v Reduced ductwork
v" Increased usable square footage

energy savings per year

Reasonable payback of 12 years!
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