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Location: Philadelphia, PA

Building Information:

2 Stories Above Grade, 1 Below
Structural Steel

80,000 SF

Emergency Department Addition
and Renovation

Construction:

$35 MM

2/25/13 - 6/27/14
CM at Risk

GMP Contract

Owner: Aria Health
Owner’s Representat
Architect: Francis Cau
MEP Design: PWI
Structural Design: O’Donn:
Civil Design: Barry Isett &
Construction Manager:
Company
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Analysis 1 - Rainwater Collection

Aria Health |

Analysis Goals

Primary: To show how
sustainable construction
techniques can be used for
the purpose of resource
conservation.

Data Collection

< | [ Conversions |
Tag Size (in) | Service (SF of Roof Area) A n TRamTal 53 eh
T = ms Verage Annual Rainfal - inches
RWC12 5 Toeo 1Acre 23560 SF
RWC L3 G 7720 Tinch/1 Acre 27154 Gal
RWC 1.4 6 3385
RWC 15 6 4755
RWC2.1 B 2855 Roof Area (SF)
R A A = ——
RWC2.2 5 4490 oof Area (Acres) # SF per Acre
RWC2.3 3 Gal
RWC 24 > Rainfall (m) = (Inches per Acre)x(Roof Area (Acres))
RWC 3.1 0 Gal
RWC3.2 7 Annual Rainfall (Gal) = (Average Annual Rainfall) x (Rainfall (727 ))
(E) RWC 1525 ay
i Annual Rainfall (Gal;
Misc. System No. 3 615 . _
Monthly Rainfall (Gal) o
| Rainfall Calculations |

(Acres) | Rainfall (Gal/Inch) [ Annual Rainfall
1125505.09

al) | Monthly Rainfall (Gal)
93792.09

Roof Area (SF) [[Roof Area

Water Use Calculations I

Fixture Flushes/Day/Fixture |QTY| GPF | Gal/Day| Days/Mo GaI/Mol
Water Closets 50 34| 16 2720 30 81600 |
Urinals 50 3 [0a25] 1875 30 5625 |

Total Water Usage 82162.5

Gal ) Gal
Voth= (Flushes per day per fixture)x (QTY)x (D_ay) x (30 days per mont)
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Cost Estimate

| Total Rainwater Collection Estimate |
[rem [Copper/steel [PC/Fibergiass

[Gray Water Piping 5 1,979.70'
Fittings 4,255.92)
[Tanks $47,810.00
[Harvesting Components $ 2,403400|

[Sub Total

[Overhead & Profit (10%)

Tax (6%)

[Grand Total Cost $204,964.75)

[ Fittings Estimate ]

[s2300] saa72

T
[t o [ ot Uni Cos| Toal Cost [ Watra | abor | Toat Ut o]

Soro0 [soso] _saso | s | ot [ssiool swesr [ Swsno]

[Ssssesol sin2 | [Eis2001]

[Csiss [sssoo] saess | sesisi |

— —

| Piping Estimate

Horizontal Piping

Copper Tubing/Sch- 40 Steel, Flanged

PC Pipe
Teverz West | QY| Total Unit Cost ] Total Cost | Material] Labor | Total Unit Cost @
12" Storm Man_| 181 LF | $163.00 546,155.00) 513350
21/2" Gray supply| 70 | LF | §3500 $3,38450 | $9.1 ¥ -
2" Gray Supply | 366 $22.00 $12,059.70] $5.9:
172" Gray Supply| 70 $14.35 | 5885 5232 $1,624.00| $4.7 1,229.20
Level 2 East
2" Gray Supply | 23 $22.00 [510.55] 53295 575785 $460.00
11/2" Gray Supply| & $14.35 | $8.85 $23.20 $116.00 $87.80
Tevel 1
21/2" Gray Supply| 5 $35.00 | 513.35] 54835 S241.75 115,75
2" Gray Supply | 145 LF | $22.00 $32.95 $4,777.75 $2,000.00
T1/2" Gray Supply| 15 | LF | 51435 | 5885 $33.20 $345.00 $263.40

Total Horiz Copper_369,464.55]

Total Horiz PVC_$38,220.15]

Vertical

iping
Copper Tubing/Sch. 40 Steel, Flanged

Uom [ Watertl Labor | _Total Untt Cost | Total Cost | Misteral] Tabor |

7177 Gray supp] 25 | U+ | S3500 [sT335|  as3s | staves| sois [3 IR T
11/2" Gray Supply| 180] LF $23.20 $4,176.00 | $4.76 |$12.80 $3,160.80

PVC Pipe

Total Cost

Total Vert Copper__$5,384.75
Total Copper __$74,849.30)

Total Vert PVC_$3,759.55
Total PVC _ $41,979.70)

[ Harvesting Components Estimate

Pumps
Tt QTV[UOM] Material | _tabor

Total Unit Cost_] Total Cost

e
[Comestic Booster Pump | 1 | A |57,550.00] 386000 |

S541000 | $8,41000

Valve:

Solenoid Valve $300.00

Ttem QI Uom] Material Total Unit Cost
Check Valve ] $760.00 1550 |
Ball Valve T3 | eA | 529500 | 53460
Backflow Preventer | 1 | EA [51,923.00] 51,983
A

$3500¢

Total Valves__ $10,093.00]

Total Unit Cost

Pre-UV Filter
UV Filter EA_|$8,700.00]$1,200.00]

5400000 $4,000.00
$9,900.00 | $9,900.00

Total Filters $13,900.00)

T Cobor ot Uni Con| Tor Cont | wiater |

oo preumstc one [+ T ]

Fhergias:
T S— (1 ) I [ obor [ Totar Unt Con] Totar coxt
07000 Gal storage Tank| 1 | oA [536 300 00[S1-20000] 53750000 537,500 00[Sz6.00000[33 01000] 2901000 [S29 01000]

[Ssa0000 51 1 1T 1
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Bob Stano | Construction

| Water Cost Calculations |

| Amount of Reclaimed Water (Gal) | Amount of Reclaimed Water (kCF) | Utility Water (Cost/kCF) | Wastewater (Cost/kCF) | Total (Cost/1,000CF) | Total Annual Cost |
I T125505.00 I 150.07 | $37.12 I 326,10 I 6331 [ soso076 |

References and Assumptions:

Philadelphia water cost data is from www.phila.gov/water
Information based on average annual rainfall in Philadelphia, PA
Conversion: 1 Gal = 7.5 CF
Conversion: 1kCF = 1,000 CF

Analysis 1 - Rainwater Collection

Aria Health | ED Expansion

I Cost Payback After:l 12.18 Yearsl
I Cumulative Income After 25 Vears:l $281,105,50|

References and Assumptions
Maintenance based on 16 Hours/Year after 5 maintenance-free years for a Union Plumber Rate of $59.68/Hour
http://www.plumbers690.org/library/document-library/20120719095713.Apprent%20Phila%2012-13%20wages.pdf
General Inflation Rate Assumed to be 3% for 25 Years
Water Inflation Rate Assumed to be of 5% per Year for 25 Years
Philadelphia Water Utility Cost/kCF is Assumed to be $37.12/kCF for Water and $26.19/kCF for Wastewater

Economic Analysis for Rainwater Collection System

No. of Years
JAfter 25 Years] 1 2 3 4 5 5| 7 8 ] 10 i1 12 13 14 [ 16 17 18 19 20 21 ] 23 2 35
[Total Upfront Costs:
Cost of Rainwater Collection System]l ll 5146,680.4 5146,
$25,657.9: $0.00) 50,00} 50.01 $0.09) 395484
[Total Cost Savings:
Water Production Savings) l 5453,443.5 59,500.76)
‘Annual Cash Flow] 5137.179.64 $9,975.80) $10,974.5] 10,9983 51154824 S11170.77] 51174841 51235550 51299353 513,664.09 510,368.78] 515,109 35 S15.857.69] 516.705.45 517.564.9¢] 518 468.13] 518,417.20] 520,014.45] 521462050 522,563 61] 523,720.68] 524,936.47] 52621384 527,556.20] 525 966.5.
Cumulative Cash Flow] _5281,105 5 S137,175.68]  512/,203.83] _-5116,725.24] _ -5105,730.5)] -594,18268] -583,01181] 571,263 51| -558,308.01] -345,914.88] -532,250.90 -517,881,63] -32.772.27] 513,11535 529,820.84] 547,385 80 565,853 53] 585,271.13] 105,085 62 5127,148.07] 5149,711 68] 5173,432 37| 518,368.84] 5224,582. 78] 5252,138.98] 5281,105 5|
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Analysis 2 - Photovoltaic Array

Aria Health |

Analysis Goals
Primary: To show how sustainable
construction techniques can be used

for the self-production of
electricity.
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Analysis 2 - Photovoltaic Array

Aria Health |

Description & Design

ELECTRICAL

Sharp ND-F4Q300

10.8 kW Produced

Solar Poswser Singlo Ling Dragram
H.T.H

Schletter VarioTop Racki
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Analysis 2 - Photovoltaic Array

Aria Health |

Direct Current
W =VA

Series Branch

V = (6 Modules)x(35.2V per Module)

V =211.2 Volts

. (6 Modules)x(300W per Modules)

211.2V
A =8.52 Amps
Parallel Feeder

A = (8.52 Amps)x (6 Series Branches)

A =51.14 Amps

Alternating Current
Tot AC Pwr = 44,300 Watts

W
VV3

44300 W
T 480V3

A = 53.28 Amps
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Bob Stano | Construction

Total Photovoltaic System Estimate

Item Total Cost
300W Module $83,430.00
10A Circuit Breaker $14,670.00
13.6 kW Inverter $24,065.00
30A Disconnect $1,095.00
100A Disconnect $475.00
Paralleling Switchboard $2,075.00
Racking System $33,390.00
1/2" EMT Conduit $13,054.00
1" EMT Conduit $10,664.88
#12 Wire $2,722.08
#4 Wire $6,878.85
#8 Wire $170.17
Sub Total $192,689.98
Overhead & Profitt (10%) $19,269.00
Tax (Exempt) $0.00

Grand Total Cost

m—
$211,958.98

Cost/Watt (AC)

Analysis 2 - Photovoltaic Array

Aria Health |

ED Expansion

Copper Conductor Estimate
Item Wire Size[No. Wires| LF_| QTY | UOM[Material Cost[ Labor Cost] Unit Cost | Total Cost[ Daily Output] No. Days|
Series Branch [ #12 3 2140| 64.2 | CLF $9.40 $33.00 $42.40 [$2,722.08 13.00 5
Parallel Feeder|  #4 3 1014[30.42| CLF | $101.00 $80.50 [ $181.50 |$5,521.23 10.60 3
A/C Feeder #4 4 187] 748 | CLF | $101.00 58050 | $181.50 [$1,357.62] 10.60 1
A/C Ground #8 1 187 1.87 | CLF $37.50 $53.50 $91.00 | $170.17 8.00 1
Total $9,771.10] Total Days 10
T
EMT Conduit Estimate
Item Conduit Size | QTY | UOM] Material Cost| Labor Cost| _Unit Cost | Total Cost | Daily Output] No. Days] Crew Size
Series Branch 1/2" 2140| LF $1.83 $4.27 $6.10 $13,054.00 [ 100.00 5 4 Elec
Parallel Feeder 1" 1014] LF $3.53 $5.35 $8.88 $9,004.32 80.00 3 4 Elec
A/C Feeder 1" 187 [ LF $3.53 $5.35 $8.88 $1,660.56 80.00 1 2 Elec
[Total Conduit $23,718.88 | Total Days 10 |
e
PV Components Estimate
Item 'Qty JUOM] Material Cost] Labor Cost] Equipment Cost] _Total Unit Cost | Total Cost | Daily Output] No. Days| Crew Size]
300W Module 180 | EA $410.00 $53.50 0.00 $463.50 $83,430.00 8.00 6 4 Elec
10A Circuit Breaker 30 EA $356.00 $133.00 0.00 $489.00 $14,670.00 3.20 3 3 Elec
13.6 KW Inverter 5 | EA | $460000 | $213.00 0.00 $4,813.00 $24,065.00 8.00 1 1 Elec
30A Disconnect 5 EA $86.00 133.00 0.00 219.00 $1,095.00 3.20 1 2 Elec
T00A Disconnect | 1 | EA | $25000 | $22500 000 475.00 $475.00 190 T T Elec
Paralleling Switchboard| 1 EA $1,300.00 775.00 0.00 $2,075.00 $2,075.00 110 1 1 Elec
Racking System | 180 | EA | 348.50 137.00 0.00 18550 $3339000] 513 5 7 Elec

[FotaT Components $159,200.00] TotalDays 17
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Analysis 2 - Photovoltaic Array

Aria Health |

[ PV Watts AC Energy & Cost Savings | - AP,
Station Identification Month | Solar Radiation (<Wh/m"2/day) | AC Energy (<Wh) | Energy Value (5 = SREC Credit Value Calculations
City: [Philadelphia ey 1 330 4669.00 $466.90 kWh Produced/Year | Mwh Produced/Year [ No. SREC| Income/SREC| Annual SREC Income | SREC Income/kWh
[State: Pennsylvania 2 4.16 5306.00 $530.60 —— e
atituder |3—9 55 begreer T 5 = 29500 Seo50 69496 | 69.496 [ 69 4, s40.01 $2,760.69 $0.04
Longitude: |75.25 Degrees w 4 5.06 6411.00 $641.10 e L]
Iﬁevation: Jom 5 5.20 6565.00 $656.50 r
PV System i 6 5.43 6439.00 643.90 —
DC Rating: 54.0 kW 7 5.51 6663.00 666.30 b
DC to AC Derate Factor: [0.82 s 567 6904.00 690.40 9 Cost Pa?hack Aft r!l 19.52 YEHTSI
AC Rating: 44.3 kW 9 5.07 6115.00 611.50 — -
Array Type: Fixed Tilt 10 4.59 5976.00 $597.60 | UL N - -
[Array Tilt: 39.9 Degrees 11 337 4398.00 I .I I
e |§0 e, u 337 G - Cumulative Income After 25 Years:] %94,467.20
Energy Specifications Year 4.57 69496.00 $6,949.60
[Cost of Electricity: 50.10/kWh o
Ecaonomic Analysis for Photovoltaic System
No. of Years
T Aiter 25 voars | T T B T 3 T I T 5 T 3 T 7 T ) B 0 5y 12 FER | 5 15 FUR | 17 8 FC I I FY = 1= 1 3 F3
frorat Uptront Coste: 1 | | | | | | | | | | | |
Cost of Phatovoltaic Systs $211,958.9¢ $211,958 98] 0
Mai 47,5 | ooseaszag o snetzigg o s ning

Total Cost Savings
Solar Power Productior

SREC Credit Value ($0.04/kWh] I

EEERINE |

o EEREE |
02,123 SERFENG |

ESIREES |

I
ESUREEET IR ICERT, I IR IS Iy IR SRR ISR

FIERECET ISR IERIELD Teime]

Comulativs Cash Flo ESERELT, |

RV |

Tienoeind Sisiri0ed Siaorad  enaseo ] i Suiewid Swrseon]  gerseer]  seiwsiad sriasie]

ST ISV IS ERCERY PR TR NN, IR EET T I ST |
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Analysis 3 - Operable Solar Shading

Aria Health |

Analysis Goals

Primary:
To show how sustainable
construction techniques can
be used for the purpose of

annual energy savings.

Description

+ Design and Prefabrication
* Mestek’s Linel Fabrication
+ Automation
* Preprogrammed Weather Data
+ Contractual Agreements
* Lump Sum Quote
* Procurement and Logistics
* 16-20 Week Lead

i".“h

Farme Fajakatdi dal
Heoopioms Liaweis
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Analysis 3 - Operable Solar Shading

Aria Health |

Solar Shading System - C

Estimate

Flevation Area| UOM]| Design, Material, Shop, Shipping | On-Site Installation

Unit Cost

Total Cost | Daily Output| Total Days|




1 Ay Bob Stano | Construction Analysis 3 - Operable Solar Shading Aria Health |
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Rays of Sunshine

S\
I
| |
|

FERA bRt

| Energy Savings due to Solar Shading I

Baseline (BTU/h) [ w/ Solar Shading (BTU/hfi] Energy Savings (BTU/h) Energy Savings/Vr (Tons)
231471.80 18525110 46220.7 .00 12008 10399.66

Cost Savings due to Solar Shading I

s c( s St 45 dogross.
e p -
\\\\¥5hm. modeled as a
S

/

N Solar Shadin

‘Section detaildepicting how the shades were
modeled in IES Virtual Environment

Energy Model
Mechanical Breadth
is Recal - [ Energy Savings/Yr (Tons) [ kWh/Ton] Electricity Savings (kWh/Yr) | Cost of Electricity ($) lcm Savings/Year
p 10399.66 0.90 9359.69 $0.10 $935.97

wledgements
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Analysis 3 - Operable Solar Shading

Aria Health |

Supply Air C: - Baseline

[ETu/m Toerat]

[ Constant value| CFM [ Area of Space (SF) | cFM/SF]

|231471.80] 20.00 [11573.59] 1.08

[10716.29] 7200.00

| 125 ]

Supply Air Calculations - Proposed

[ Constant Value | CFM [ Area of Space (SF) [ CFM/SF]

BTU/h [DeltaT|
185251.10| 20.00 [9262.56] 108 |8576.44] 720000 |

119 |

g = 1.08 x CFM x (AT)

S ———— :r_'i'ﬁ_ -

7
Sl

Baseline Ductwork Proposed Ductwork
"Air Volume (CFMI) | Velocity (FPMI| Duct Size (inches) J| [ A Volume (CFM) | Velocity (FPMI] Duct Size (Inches)
400 750 10 320 750 9
800 925 12x12 640 925 12x9
1200 1000 14x14. 960 1009
1600 1200 16x14. 1280 120
2000 1100 18x16 1600 1100
2400 1175 20x16 1920 1175
2400 1750 16 1920 1750
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Bob Stano | Construction

Thesis Recap and Recommendations

Aria Health |

Analysis 1 - Rainwater
Collection

Initial Cost: $146,680.40
Payback: 12.18 Years
Cumulative Income: $281,105.50

Recommended

Analysis 2 - Photovoltaic Array

Initial Cost: $211,958.98
Payback: 19.52 Years
Cumulative Income: $94.467.20

NOT Recommended

Analysis

Initial
Energy Savings:
Cost Savi
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Thank You

Aria Health |

Questions?
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Bob Stano | Construction

Appendix - Rainwater Collection

Aria Health |

Pump Sizing — Fixture Units

* 10 fixture units per water
closet
* 5 fixture units per urinal

(34 Water Closets)(10 Fixture Units)

+ (3 Urinals)(5 Fixture Units)

= 355 Fixture Units
Cross referenced with the
hunter curve to find 85 GPM

Pipe Wheel used for pipe
sizing

Hydro Pneumatic Tank Sizing

Worked backwards....
Assume 850 Gal, or 2/3 capacity is

available before booster pump kicks on.

gal
93,792.09 o
30 days

W = 4 times/day

for

850 gal

m = 10 mins

Rainwater Economic A
* Maintenance: 16 hours/d
union plumber wage o
$59.68/hour

* General Inflation = 3% per ye
» Utility Inflation = 5% per y
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Photovoltaic Economic Analysis
* Maintenance: 16 hours/day at
union electrician wage of
$110.64/hour
* General Inflation = 3% per year
« Utility Inflation = 5% per year

Solar Renewable Energy Credits

kWh Produced per year 1SREC
No.SRECs =

1000 *Thwh
Annual SREC I — No.SRECs x1£ome
nnudai ncome = 0. S5x SREC

It is assumed that SREC’s will DEFLATE
by 5% per year for ten years, after
which SREC’s will no longer exist.
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| Cost Savings due to Solar Shading |

! .\ References and Assumptions:
KWh/Ton value is assumed to bege amount of electricity required to produce 1 ton of cooling
Cost of Electricity vale based on PECO data from February 2013

I Industry Standard Value I

Energy Savings (. BTU
Energy Savings . Year (=g )" (Eq
(in tons) =

year 12,000 BTUs per Ton

Load Hrs per year)

Wh
(in tons) x )

kWh) _ (Energy Savings) k
N year ¢ ton

Electricity Savi (
ectricity Savings myear




