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Acoustical Analysis (Analysis I)

As previously discussed, the concept behind Analysis | — Backup Generator Analysis is to
utilize the existing backup generator to help offset the electrical load the building imposes on
the municipal grid during peak hours. To accompany this analysis, an acoustical analysis was
conducted to determine the impact this activity would have on the building’s tenants.
Included in this analysis are calculations to determine what effect the current construction
would have on sound attenuation and what could be done to further reduce the sound that is
able to pass through the enclosure and permeate the parking garage.

Structural Analysis (Analysis 11)

2175 K Street provides for a challenging arena for the application of an alternate roofing type.
The proposed type of roof to be analyzed was a green or vegetated roof. Associated with it
are different weight per square foot depending upon thickness and type. Seeing as how 2175
K Street consists of adding three floors onto an existing building, adding loads are critical. To
allow for the existing structure to carry the newly imposed loads caused by the new structure,
steel reinforcement or carbon fiber, depending on location, was utilized. With this in mind,
any additional load imposed by an alternate roofing type would need to be calculated. To
ensure the proposed solution is feasible, a structural analysis will need to be conducted.

Mechanical Analysis (Analysis 11 and Analysis I11)

In an attempt to reduce unwanted thermal gain and increase energy efficiency, Analysis Il —
Green Roof Analysis will look into customizing the building’s roofing system based upon the
associated materials and sun exposure. The proposed solution to this facet of the analysis is
to incorporate the benefits of a green roof in terms of reduced thermal gain. Similarly, within
Analysis 111 — Curtain Wall Redesign Analysis investigated the relative benefit of replacing
the existing curtain wall design with a super insulated one. The end results of both analyses
had an effect on the electricity usage of the mechanical system. Therefore, a mechanical
analysis was conducted to determine the extent of the reduction in electricity usage.

MAE Requirement

The vocabulary and knowledge attained through a number of graduate level classes were used
to enhance the quality of analysis conducted. Additionally, the classes helped to create
compelling arguments of the findings of such analyses. Such classes are AE 542 — Building
Enclosure Science and Design, AE 572 — Project Development and Delivery Planning, and
AE 597D - Sustainable Building Methods. Additionally, AE 572 can be used to create more
thorough financial models, which will result in more compelling results. Finally, the
knowledge gained in AE 597D will serve as the basis for all of the research involving this
proposal.
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Appendix C — Site Layout Plan

THE PENNSYLVANIA STATE UNIVERSITY | TIMOTHY CONROY



SHEET NOTES:

1.
2.
3.
4.
5.
6.

~

10.

11

12,

13.

ALL EXISTING UTILITIES ARE TO REMAIN

PRO]ECT CONTAINS NO NEW UTILITIES

CONSTRUCTION ACTIVITIES ARE TO USE EXISTING SERVICE
TELECOMMUNICATION WAS NOT SHOWN ON UTILITIES PLAN
No TEMPORARY LIGHTING

ALL TEMPORARY FACILITIES ARE LOCATED ON LEVEL 8 UNLESS
OTHERWISE NOTED

. DAVIS OFFICE IS TO BE LOCATED ON LEVEL 8 UNTIL DEMOLITION

IS SCHEDULED TO BEGIN, AT WHICH TIME THE OFFICE IS TO
RELOCATE TO THE B1 LEVEL

. ALL SURCONTRACTOR OFFICES ARE TO BE LLOCATED ON LEVEIL 8

UNTIL DEMOLITION I8 SCHEDULED TO BEGIN, AT WHICH TIME
THE OFFICES ARE TO RELOCATE TO THE Bl LEVEL TO A LOCATION
DESIGNATED BY DAVIS

. TOOL TRAILERS ARE TO REMAIN ON LEVEL 8 UNTIL NEW LEVELS

ARE COMPLETED
EXISTING TRANSFORMER IS TO REMAIN

. TEMPORARY TOILETS WILL BE LOCATED ONE ON EACH FLOOR

(LEVELs 8, 9, 10, 11, AND ROOF)

ROOF OF COVERED WALKWAYS WILL BE UTILIZED FOR STAGING
AND MATERIAL STORAGE

LOADING DOCK ENTRANCE FROM NORTH SIDE OF 2141 K STRCET
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Appendix D - Site Workflow Plan

THE PENNSYLVANIA STATE UNIVERSITY | TIMOTHY CONROY
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ToTAL ToTAL
MATERIAL LABOR MATERIAL LABOR
CATEGORY/ACTIVITY QUANTITY | UNIT RATE | cCasT RATE | cCosT casT casT
Rentals (DAVIS)
Pickup truck (sup't) 65| Wks [$ 325|$ 21,125 | $ -$ -
Courier vehicle 178 | Hrs | $ 26| $ 4,628 | $ -$ -
Dump truck 178 | Hrs | $ 281$ 4,984 | $ -1$ -
Field office trailer 16 | Mos |[$ 425|$ 6,800 | $ -1$ -
Storage/change house trailer 16| Mos |$ 200($ 3,200 | $ -1$ -
Industrial vacuum 2| Ls |$ 400($ 800 | $ -1$ -
Surveying instruments 2| Mos |$ 162 ($ 374 | $ -1$ -
Two way radios 7| Mos |$ 445($ 3,115 | $ -1$ -
Gang box 16 [ Mos [$ 150 |$ 2,400 | $ -8 -
Vehicle (Sr. PM) 89| Wks |[$ 163 |$ 14,463 | $ - $ -
Vehicle (Proj. Manager) 89| Wks |[$ 325|% 28,925 | $ -1$ -
Pickup truck (Layout Engineer) 10 | Wks | $ 81|$ 813 | $ -1$ -
Vehicle Allowance 1 Ls |$ 2500 ]|$ 2,500 | $ - $ -
Cell Phone 14,854 | Hrs [$ 2(s 34,164 | $ - $ -
Computer/Supporting Systems 16 | Mos | $ 2,000 | $ 32,000 | $ -1$ -
Copier/Fax 16 | Mos |$ 469 | $ 7,504 | $ -1% -
Subtotal $ 167,794 | $ -
Sales tax 575| % | $ 9,648 | $ -
$ 177,442 | $ -1$ 1774421 % =
Temporary Facilities
Field telephone
Equipment Hookup 1| Ls |$ 1000|$ 1,000 | $ -8 -
Calling Plan 16 | Mos [$ 450 | $ 7,200 | $ -8 -
Temporary protection JOB COST $ -| JOBCOST |$ -8 -
Parking Meter Rental JOB COST $ 60 JOBCOST |$ -1$ -
Field Office Set-up 1| Ls |$ 8000($ 8,000 | $ -1$ -
Field office expense 65| Wks |$ 125($ 8,125 | $ -1$ -
Subtotal $ 24325 | $ -
Sales tax 575| % | $ 1,399 | $ -
$ 25,724 | $ -3 25,724 | $ -
Safety
Health and Environment Controls 16 |Mos | $528.75 | $ 8,460 | $ - $ -
Protection and Life Safety Equip. 10 [Ctns | $618.64($ 6,186 | $ - $ -
Fire Protection and Prevention 20 |Ea $ 60.81|$% 1,216 | $ - $ -
Sign, Signals and Barricades JOB COST $ - $ -1$ - $ -
Material Storage and Disposal 65 [Wks [|$ - $ -|$ 26119 $ 16,978
Temporary Heat JOB COST $ - |3 -1$ - |8 -
Personal Protection - Site JOB COST $ - |$ -8 - |8 -
Personal Protection - Building 2,400 [Lf $ 329(% 7900 |$% 3.04|% 7,300
Scaffolding JOB COST $ - |3 -1$ - |8 -
Excavation and Trenching N/A $ - $ -1$ - 3$ -
Subtotal $ 23,762 | $ 24,278
Sales tax 57| % [ $ 1,366 | $ 1,396
$ 25,128 | $ 24,278 | $ 25,128 | $ 24,278
Punch List / Warrantee 00| Hrs |[$  10]$ 1,000 | $ 253 24573 1,000 | $ 2,457
Page Two Subtotal [$ 2292948 26,735
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TOTAL TOTAL
MATERIAL LABOR MATERIAL LABOR
CATEGORY/ACTIVITY QUANTITY | UNIT RATE | cCasT RATE | cCosT casT cCasT
Rentals (DAVIS)
Pickup truck (sup't) 65| Wks |$ 325($ 21,125 | $ -1$ -
Courier vehicle 178 | Hrs |$ 26($ 4628 | $ -8 -
Dump truck 178 | Hrs |$ 28($ 4984 | $ -1$ -
Field office trailer 16| Mos [$ 425|$ 6,800 | $ -8 -
Storage/change house trailer 16| Mos [$ 200|$ 3,200 | $ -1$ -
Industrial vacuum 2| Ls |$ 400($ 800 | $ -8 -
Surveying instruments 2| Mos |$ 162 ($ 3741 % -8 -
Two way radios 7| Mos |$ 445($ 3115 $ -8 -
Gang box 16| Mos [$ 150 |$ 2,400 | $ -8 -
Vehicle (Sr. PM) 89| Wks |$ 163 ($ 14,463 | $ -8 -
Vehicle (Proj. Manager) 89| Wks |[$ 325|$% 28,925 | $ -8 -
Pickup truck (Layout Engineer) 10 Wks [$ 81]$ 813 | $ -8 -
Vehicle Allowance 1| Ls |$ 2500]|$ 2,500 | $ -1 $ -
Cell Phone 14,854 | Hrs | $ 2% 34,164 | $ -8 -
Computer/Supporting Systems 16 | Mos [ $ 2,000 | $ 32,000 | $ - $ -
Copier/Fax 16| Mos [$ 469 |$ 7,504 | $ -8 -
Subtotal $ 167,794 | $ -
Sales tax 575 % | $ 9,648 | $ -
$ 177,442 | $ -|$ 1774421 % S
Temporary Facilities
Field telephone
Equipment Hookup 1| Ls |$ 1,000|($ 1,000 | $ -8 -
Calling Plan 16| Mos [$ 450 | $ 7,200 | $ -8 -
Temporary protection JOB COST $ -| JOBCOST |$ -8 -
Parking Meter Rental JOB COST $ 60| JOBCOST |$ -8 -
Field Office Set-up 1| Ls |$ 8000($ 8,000 | $ -8 -
Field office expense 65| Wks [$ 125]$ 8,125 | $ -8 -
Subtotal $ 24,325 | $ -
Sales tax 575| % | $ 1,399 | $ -
$ 25724 | $ -1% 25724 | $ 3
Safety
Health and Environment Controls 16 |Mos | $528.75 | $ 8,460 | $ - |8 -
Protection and Life Safety Equip. 10 |Ctns | $618.64 | $ 6,186 | $ - $ -
Fire Protection and Prevention 20 |Ea $ 6081 |$% 1216 | $ - $ -
Sign, Signals and Barricades JOB COST $ - $ -1$ - $ -
Material Storage and Disposal 65 |Wks |$ - $ -|$ 26119 $ 16,978
Temporary Heat JOB COST $ - |3 -1$ - |3 -
Personal Protection - Site JOB COST $ - |$ -l - |8 -
Personal Protection - Building 2,400 |Lf $ 329|% 7900 ($ 304($% 7,300
Scaffolding JOB COST $ - | -l - |8 -
Excavation and Trenching N/A $ - 13 -8 - |3 -
Subtotal $ 23,762 | $ 24,278
Sales tax 5.75 % $ 1,366 | $ 1,396
$ 25,128 | $ 24,278 | $ 25,128 | $ 24,278
Punch List / Warrantee 00| Hs [$  10[$ 1000[$  25]$ 2457 $ 1,000 | $ 2,457
Page Two Subtotal [s 229204]8 26,735
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2175 K STREET, NW
Contractor General Conditions

(Estimate Summary)

ToTAL ToTAL
MATERIAL LABOR MATERIAL LABOR
CATEGORY/ACTIVITY QUANTITY UNIT RATE | casT RATE cosT cCasT casT
Page One Subtotal (Permit, Management Team, General Conditions, Misc. Labor, Courier, Dump Truck) $ 8582 |$% 766,321
Page Two Subtotal (DAVIS Rentals, Temporary Facilities, Punch List / Warrantee) $ 229294 % 26,735
SUBTOTAL s 237876 |3 793,056
Insurances & employee benefits 55 I % | $ -|$ 436,181
Total general conditions $ 237,876 % 1,229,236
GENERAL CONDITIONS GRAND TOTAL | $ 1,467,112
2175 K STREET, NW
Contractor General Conditions
(Price Compartison - Percentage)
TOTAL PERCENT PERCENT TOTAL PERCENT ([PERCENT)
MATERIAL OF oF LABOR OF oF
CATEGDORY/ACTIVITY cosT SuBTATAL ToOTAL cCosT SuBTATAL TaTAL
Pe rmit $ - - - $ - - -
Supervision & Project Management $ - - - $ 712,625.72 89.86% 57.97%
General Conditions $ 8,581.61 3.61% 3.61% $ - - -
Miscellaneous Labor $ - - - $ 43,206.00 5.45% 3.51%
Courier $ - - - $ 6,992.92 0.88% 0.57%
Dump Truck - Driver $ - - - $ 3,496.46 0.44% 0.28%
Rentals (DAVIS) $ 177,441.96 74.59% 74.59% $ - - -
Temporary Facilities $ 25,723.69 10.81% 10.81% $ - - -
Safety $ 25,128.34 10.56% 10.56% $ 24,277.50 3.06% 1.98%
Punch List / Warrantee $ 1,000.00 0.42% 0.42% $ 2,457.00 0.31% 0.20%
SUBTOTAL | $ 237,875.60] 1621% |$ 793,055.60 | 54.06%
TOTALS | $ 23787560 1621% |$ 1,229,236.18 | 83.79%
GENERAL CONDITIONS GRAND TOTAL | $1,467,112
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2175 K STREET, NW
Contractor General Conditions
(Price Comparison - Cost per Week)
ToTAL casT ToTAL cCasT
MATERIAL PER LABOR PER
CATEGORY/ACTIVITY QUANTITY CosT WEEK cosT WEEK
Pe rmit 0 $ - - $ - -
Supervision & Project Manage ment 89 $ - - $ 712,625.72 | $ 8,007
General Conditions 89 $ 858161]$% 9% |$ - -
Miscellaneous Labor 69 $ - - $ 43,206.00 | $ 626
Courier 56 $ - - $ 6,092.92 | $ 125
Dump Truck - Driver 3 $ - - $ 3496.46 | $ 1,249
Rentals (DAVIS) 89 $ 17744196 | $ 1994 | $ - -
Temporary Facilities 69 $ 2572369 | $ 3711 $ - -
Safety 69 $ 2512834 $ 362 |3 2427750 | $ 350
Punch List / Warrantee 3 $ 100000 | $ 400 | $ 2/457.00 | $ 983
SUBTOTAL | 89 | $237,875.60 | $ 2673|$ 793,055.60 | $ 8,911
TOTALS | 89 | $237,875.60 | $ 2,673 |$ 1,229,236.18 | $ 13,812
GENERAL CONDITIONS GRAND TOTAL | | $1,467,112 | $16,484

“ TIMOTHY CONROY | THE PENNSYLVANIA STATE UNIVERSITY




|AE SENIOR THESIS FINAL REPORT]| 3 APRIL 2010

Appendix F — Acoustic Analysis (Backup Generator Analysis)
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(General Information

Wall Dimensions (ft.)  18.00 by 14.50

Door Dimensions (ft.) 6.00 bv 3.00
Wall Type (height - ft.)
Concrete 4.00
CMLU 433

Resulfing Area (sq. ft.)

Concrete 106.00 39%
CMU 116.83 43%
Doar 4800 18%
Total 270.83
Base Case
Transmission Loss
Frequency (Hz.)
Material 125 250 500 1000 | 2000 @ 4000
Concrete 38 43 52 59 67 72
CMU 34 40 44 49 59 64
Door 23 28 36 41 39 44
Sound Transmission
Material Tan
Concrete 1.58E-04 5.01E-05 6.31E-06; 1.26E-06: 2.00E-07: 6.31E-08
CMU 3.98E-04 1.00E-04] 3.98E-05: 126E-05. 1.26E-06 3.98E-07
Doar 5.01E-03; 1.58E-03i 2.51E-04 7.94E-05 1.26E-04. 3 98E-05
[Composite TL | 205 34.6 419 47.0 46.4 514 |
[Generator | 1003 | 1048 | 1099 1131 | 1117 | 1097 |
[Resulting Sound Level | 70.8 70.2 68.0 66.1 65.3 583 |
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Proposed Solution

Goal Transmission Loss
Frequency (Hz.)
Location Type 125 250 300 1000 2000 4000
Office Activities 50 50 50 50 30 50
Classroom 66 72 77 T4 68 60
Normal Conversation 57 62 63 57 48 40
Transmission Loss
Frequency (Hz.)
Material 125 250 s00 1000 2000 4000
Concrete 38 43 52 39 67 72
CMU 34 40 44 49 39 64
Door 23 28 36 41 39 44
Construction No. 7 17 31 i3 40 38 36
Construction No. § 15 30 34 44 46 41
Construction No. @ 23 28 29 46 34 44
Sound Transmission
Material Tan
Concrete 1.538E-04: 5.01E-05 6.31E-06 1.26E-06 2.00E-07 6.31E-08
CMhU 3 98E-04: 1.00E-04 3 98E-05 1.26E-05 1 26E-06 3 98E-07
Door S01E-03: 1.58E-03 2.51E-04 T.94E-05 1.26E-04 3. 98E-03
Construction No. 7 200E-02¢ 794E-04 5.01E-04 1_00E-04 1 58E-04 2 51E-04
Construction No. § J.16E-02: 1.00E-03 3. 98E-04 3. 98E-05 2.51E-05 T.94E-03
Construction No. 9 501E-03: 1.58E-03 1.26E-03 251E-05 3 98E-06 3 98E-05
Composite TL
Construction No. 7 46.5 65.6 749 87.0 844 874
Construction No. § 445 64.6 759 21.0 824 924
Construction No. 9 325 62.6 709 93.0 100.4 954
Sound Level
Frequency (Hz.)
125 250 300 1000 2000 4000
Generator 100.3 104.8 109.9 113.1 111.7 1097
Resnlﬁug Sound Level
Construction No. 7 538 392 350 273 223
Construction No. § 358 402 34.0 2 123 17.3
Construction No. 9 18 422 390 2 113 143
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Summary
Frequency (Hz.) Per
125 250 500 1000 2000 | 4000 | Activity

Construction No. 7
Office Activities =< L o o of of b4
Classroom « « « o « o o
Normal Conversation L4 of of v o o o

Construction No. §
Office Activities X 4 o o o o b~ ¢
Classroom « « « « « « «
Normal Conversation L4 of o o o o o

Construction No. 9
Office Activities v o of o o o o
Classroom « « « i « «f i
Normal Conversation o o o 4 o of o

Construction Description
Construction No. 7 2 by 4 wood studs 16 in oc with 1/2-in gypsum board both sides
Construction No. § Construction No. 7 with 2-in glass-fiber insulation in cavity
Construction No. 9 2 by 4 staggered wood studs 16 in oc with 5/8-in gypsum board both sides
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Appendix G —Energy Calculations Base (Backup Generator Analysis)

Cummins 300 kW Diesel Generator
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Energy Calculations

Hours of Operation

Daily 8 hours*®
Weekly 40 hours*
Monthly 160 hours*
Yearly 2080 hours*

Electricity Rate

$0.1543 per kWh
Generator Qutput

00 KW
Cost of Diesel Fuel
52.986
Fuel Usage
Load
1/4 1/2 34 Full
Gallons per Hour
6.67 11.57 17.12 2315

Savings Subtotal

Daily $92 58 $185.16 $277.74 $370.32

Weekly $462.90 $925_80 $1.388.70 $1.851.60

Monthly $1.851.60 $3.703.20 $5.554 80 $7.406.40

Yearly $24.070.80 $48.141.60 $72.212.40 $96.283.20
Fuel Consumption

Gallons

Daily 5336 82.56 136.96 185.20

Weekly 266.80 462 80 684 80 926.00

Monthly 1.067.20 1.851.20 2.739.20 3.704.00

Yearly 13.873.60 24 065.60 35,609 60 48,152 .00
Fuel Costs

Daily $159.33 $276.38 $408.96 $553.01

Weekly $796.66 $1.381.92 $2.044 81 $2.765.04

Monthly $3.186.66 $5.527.68 $8.179.25 $11.060.14

Yearly 54142657 $71.859.88 $106.330.27 $143 78187
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Net Savings
Daily € (366753 (39122) 3¢ (3131220 % (5182.69)
Weekly # (3333760 (3456120 ¥ (Ses611) ¢ (5913.44)
Monthly 3¢ ($1.335.06) 3 (31.824.48) 3¢ ($2.624.45) ¥ ($3.653.74)
Yearly 9% (517.355.77) 3£ ($23.718.28) 3 (334.117.87) 3£ (347.498.67)
*Current fuel tank is rated for 4 howrs of continuous operation
Break Even Scenarios
Load
1/4 122 3/4 Full
Gallons per Hour"
Max. Fuel Consumption 3.88 .73 11.63 15.50
Cost per Gallon®
Max. Fuel Cost 51.735 32.000 52.028 52.000
Kilowaits®
Min. Generator Capacity 516 448 442 448
Cost per EWhr?
Min. Electricity Rate 50.2656 50.2303 50.2272 50.2304

& This is the max gallons per hour to make this analysis break even.
® Thisis the max fuel cost to make this analysis break even.

¢ This is the min generator output to make this analysis break even.
4 This is the min electricity rate to make this analysis break even.

THE PENNSYLVANIA STATE UNIVERSITY | TIMOTHY CONROY “



3 APRIL 2010 |AE SENIOR THESIS FINAL REPORT]|

Appendix H — Energy Calculations Proposed (Backup Generator Analysis)

CAT 350kW Natural Gas Generator

OB TIMOTHY CONROY | THE PENNSYLVANIA STATE UNIVERSITY



Hours of Operation
Daily
Weekly
Monthly
Yearly

Electricity Rate

Generator Output

Cost of Natural Gas

Fuel Usage

Savings Subtotal

Daily
Weekly
Monthly
Yearly

Fuel Consumption

Daily
Weekly
Monthly
Yearly

Fuel Costs

Daily
Weekly
Monthly
Yearly

Energy Calculations

% hours

40 hours
160 hours
2080 hours

$0.1543 per kWh

350 kW

£12.080

$108.01
$540.05
$2.160.20
$28.082.60

13.24
66.19
264.74
3.441.65

$159.90
$799.52
$3.198.09
$41.575.15

Load

1/2 3/4

Cubic Feet per Hour

2701 3575
£216.02 £324.03
$1.080.10 $1.620.15
$4.320.40 $6.480.60
$56.165.20 £84.247.80

Thousand Cubic Feet
21.61 28.60
108.04 143.00
432.16 572.00
5.618.08 7.436.00
$261.02 $345 49
£1.305.12 $1.727.44
$5.220.49 $6.909 76
567.866.41 £80.B26.8E

Full

4472

$432.04
$2.160.20
$8.640.80
$112.330.40

35.78
17888
715.52

9.301.76

$432.17
$2.160.87
55.643 48
$112.365.26
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Net Savings

Daily € (3518903 (3450003 (32146 K ($0.13)
Weekly (525947 ¢ (5225020 ¢ (5107290 K ($0.67)
Monthly 9 (31.037.839) 3¢  ($900.09) 3¢  ($429.16) ¥ ($2.68)
Yearly 9 (313.492.55) 3¢ ($11.701.21) 3¢ (35.579.08) & ($34.36)

*Based Upon Cat Natural Gas Generator Mode! G3412 350kW

Break Even Scenarios

Load
1/4 12 34 Full
Cubic Feet per Hour"

Max. Fuel Consumption 3¢ 1117.65 3¢ 2235.31 3 335296 3 4470.61

Cost per Thousand Cubic Feet®

Max. Fuel Cost 58160  59.997 3 811.330 812076
Kilowatts©
Min. Generator Capacity 3{ 518 o423 ¥ 373 M 35011
Cost per EWRr®

Min. Eleciricity Rafe K 8§0.2284 3K $0.1864 3K S0.1645 3 80.15435

& This is the max gallons per hour to make this analysis break even.
® Thisis the max fuel cost to make this analysis break even.

¢ This is the min generator output to make this analysis break even.
4 This is the min electricity rate to make this analysis break even.
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Appendix | — Energy Calculations Proposed (Backup Generator Analysis)

CAT 450kW Natural Gas Generator
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Hours of Operation
Daily
Weekly
Monthly
Yearly

Electricity Rate

3 APRIL 2010 |AE SENIOR THESIS FINAL REPORT]|

Generator Qutput

Cost of Natural Gas

Fuel Usage

Savings Subtotal

Daily
Weekly
Monthly
Yearly

Fuel Consumption

Daily
Weekly
Monthly
Yearly

Fuel Costs

Daily
Weekly
Monthly
Yearly

Energy Calculations

£ hours

40 hours
160 hours
2080 hours

$0.1543 per kWh

450 kW

512.080

1/4

2038

$138.87
5694 35
$2.777.40
$36.106.20

16.30
81.50
326.01
423819

$196.91
$984.56
$3.938.25
$51.197.30

Load

1/2 3/4

Cubic Feet per Hour

3200 4360
$277.74 $416.61
$1.383.70 $2.083.05
£5.554.80 £8.332.20
$72212.40 $108.318.60

Thousand Cubic Feet
25.60 34.88
128.00 174.40
512.00 §97.60
6.656.00 0.0638.80
$309.25 $421.35
£1.546.24 $2.106.75
16,184 96 $8.427.01
80,404 48 $109.551.10

$555.48
$2.777.40
$11,109.60
$144.424 80

44.06
220.28
881.12

11.454.56

$532.20
$2.660.98
$10.643.93
$138.371.08
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Net Savings

Daily € (35800 (33150 K (34.74) o $23.28
Weekly 9 (52902103 (51575403 ($23.70) & $116.42
Monthly % (31.160.85) 3¢ (3630.16) ¢ (39481 o  $465.67
Yearly 9 (315.091.10) 3¢ (38.192.08) 3¢ ($1.232.50) o $6.053.72

*Based Upon Cat Natural Gas Generator Mode! G3412 450kW

Breal Even Scenarios

Load
1/4 1.2 3/4 Full
Cubic Feet per Hour"

Max. Fuel Consumption 3 1436.98 3£ 2873.97 3£ 4310.95 « 5747.93

Cost per Thousand Cubic Feet®

Max. Fuel Cost 3 58.519 3 510.849 3 811.944 o 512.608
Kilowaits©
Min. Generator Capacity 3§ 638 w501 w455 « 431
Cost per KWhr 4

Min. Electricify Rate M 50.2188 3 S0.1718 ¥ 50.1561 o $0.1478

& This is the max gallons per hour to make this analysis break even.
% Thisis the max fuel cost to make this analysis break even.

© This is the min generator output te make this analysis break even.
4 This is the min electricity rate to make this analysis break even.
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Appendix J — Energy Calculations Proposed (Backup Generator Analysis)

CAT 1040kW Natural Gas Generator
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Energy Calculations

Hours of Operation

Daily 8 hours
Weekly 40 hours
Monthly 160 hours
Yearly 2080 hours

Electricity Rate

$0.1543 per kWh
Generator Qutput

1,040 KW
Cost of Natural Gas
512.080
Fuel Usage
Load
1/4 1/2 3/4 Full
Cubic Feet per Hour
2923 4581 6161 7899

Savings Subtotal

Daily $320.94 $641.89 $962.83 $1.283.78

Weekly $1.604.72 $3.209 44 $4.814.16 $6,418.88

Monthly 6418 88 $12.837.76 $19.256.64 $25.675.52

Yearly 58344544 516685088 $250,336.32 $333,781.76
Fuel Consumption

Thousand Cubic Feet

Daily 23.38 36.65 4929 63.19

Weekly 116.91 183.26 24645 31596

Monthly 467.62 733.03 985.80 1,263.84

Yearly 6.079.07 052835 12.815.34 1642992
Fuel Costs

Daily $282 44 544275 $595 42 $763.36

Weekly $141221 $2.213.74 $2.977.10 $3.816.80

Monthly $5.648.86 $8.854.97 511,908 41 $15,267.19

Yearly $73.435.17 $115.114.59 $154. 80928 $198.473 43
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Net Savings

Daily of $38.50 o $199.14 o $367.41 o $320.42
Weekly v 4 $192.51 o $995.70 «F $1.837.06 & $2.602.08
Monthly of $770.02 o 3398279 o $7348231 o $1040833
Yearly of $1001027 o $51.776.29 o $95527.04 « $135308.33

*Based Upon Cat Natural Gas Generator Mode! G412 1040EW

Breal Even Scenarios

Load
1/4 1.2 3/4 Full
Cubic Feet per Hour"

Max. Fuel Consumption «f 3321.03 o 6642.05 o 9963.08 13284.11

Cost per Thousand Cubic Feet®

Max. Fuel Cost o 813.727 o 817.513 o 819.534 o $20.315

Kilowatts®

Min. Generator Capacity «f 915 « 717 « 643 « 618

Cost per KWhr 4

Min. Electricity Rafe of $0.1358 o S0.1064 o 50.0954 o 50.0917

& This is the max gallons per hour to make this analysis break even.
% Thisis the max fuel cost to make this analysis break even.

© This is the min generator output te make this analysis break even.
4 This is the min electricity rate to make this analysis break even.

B TIMOTHY CONROY | THE PENNSYLVANIA STATE UNIVERSITY
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Appendix K — Load Calculations (Green Roof Analysis)
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Structural Calculations (Green Roof)

Deck Wt
Weight | Length = Spacing PMp Load Load Case Load Case Load Case Load Case Load Case Load Case Load Case| Controlling Beam Wt Net Load 7 (t=4") NW Net Allowable Load

Function  No. Size Ib/If ft ft S L L W R E HJ| fK k/ft Ib/ft 1 2 3 4 5 6 7 Load Ib/ft Ib/ft b/t | Type | b/ Capacity Ib/ft?
1 W18x35 35 36.33 7.75 30 100 20 O 0 0 0 249 151 | 1508.96 | 1077.83 | 1189.14 1107.47 | 1161.64 | 1235.80 | 1676.63 | 1676.63 | 1077.83 35 1042.83 13456 | 3C20 53.00 98.00 81.56

2 W18X35 35 35.08 8.50 30 | 100 | 20 0 0 0 0 249 1.62 1618.41 | 1156.00 | 1280.34 | 1198.67 | 1252.84 & 1327.01 | 1798.23 | 1798.23 1156.00 35 1121.00 | 131.88 3C20 53.00 98.00 78.88

3 W18x35 35 35.08 9.00 30 100 20 O 0 0 0 249 1.62 | 1618.41 | 1156.00 | 1280.34 1198.67 | 1252.84 | 1327.01 | 1798.23 | 1798.23 | 1156.00 35 1121.00 12456 | 3C20 53.00 98.00 71.56

4 W18x35 35 35.08 6.75 30 | 100 | 20 0 0 0 0 249 1.62 1618.41 | 1156.00 | 1280.34 | 1198.67 | 1252.84 & 1327.01 | 1798.23 | 1798.23 1156.00 35 1121.00 | 166.07 3C20 53.00 98.00 113.07

5 W21X44 44 39.51 8.50 30 100 20 O 0 0 0 358 1.83 | 1834.64 | 1310.45 | 1460.53 1378.86 | 1433.03 | 1507.20 | 2038.48 | 2038.48 | 1310.45 44 1266.45 148.99 | 3C20 53.00 98.00 95.99

6 W21X44 44 39.51 7.88 30 | 100 | 20 0 0 0 0 358 1.83 1834.64 | 1310.45 | 1460.53 | 1378.86 | 1433.03 & 1507.20 | 2038.48 | 2038.48 1310.45 44 1266.45 | 160.82 3C20 53.00 98.00 107.82

7 W18x40 40 37.58 9.13 30 100 20 O 0 0 0 294 1.67 | 1665.12 | 1189.37 | 1319.27 1237.60 | 1291.77 | 1365.94 | 1850.14 | 1850.14 | 1189.37 40 1149.37 12596 | 3C20 53.00 98.00 72.96

8 W18x40 40 37.58 9.38 30 | 100 | 20 0 0 0 0 294 1.67 1665.12 | 1189.37 | 1319.27 | 1237.60 | 1291.77 @ 1365.94 | 1850.14 | 1850.14 1189.37 40 1149.37 | 122.60 3C20 53.00 98.00 69.60

9 W21x44 44 36.58 6.00 30 100 20 O 0 0 0 358 2.14 | 2139.96 | 1528.55 | 1714.97 1633.30 | 1687.47 | 1761.64 | 2377.74 | 2377.74 | 1528.55 44 1484.55 247.42 | 3C20 53.00 98.00 194.42

% 10 W21X44 44 37.58 4.32 30 | 100 | 20 0 0 0 0 358 2.03 2027.60 | 1448.29 | 1621.33 | 1539.67 @ 1593.83 | 1668.00 | 2252.89 | 2252.89 1448.29 44 1404.29 | 325.16 3C20 53.00 98.00 272.16
A 11* W18x76 76 35.08 9.00 30 100 | 20 | O 0 0 0 611 3.97 | 3971.27 | 2836.62 | 3241.06 | 3159.39 | 3213.56 | 3287.73 | 4412.52 | 4412.52 | 2836.62 76 2760.62 | 306.75 | 3C20 53.00 98.00 253.75
12* W18x60 60 36.33 7.75 30 | 100 | 20 0 0 0 0 461 2.79 2793.70 | 1995.50 | 2259.75 | 2178.09 @ 2232.25 | 2306.42 | 3104.12 | 3104.12 1995.50 60 1935.50 | 249.74 3C20 53.00 98.00 196.74
13 W21x50 50 39.51 6.84 30 100 20 O 0 0 0 413 212 | 2116.49 | 1511.78 | 169541 1613.74 | 1667.91 | 1742.08 | 2351.66 | 2351.66 | 1511.78 50 1461.78 213.67 | 3C20 53.00 98.00 160.67
14 W12x19 19 24.50 6.63 30 | 100 | 20 0 0 0 0 92.6 1.23 1234.15 | 881.54 960.13 878.46 932.63 | 1006.79 | 1371.28 | 1371.28 878.46 19 859.46 @ 129.73 3C20 53.00 98.00 76.73
15 W18x40 40 24.50 3.83 30 100 20 O 0 0 0 294 3.92 | 3918.37 | 2798.83  3196.97 @ 3115.31 @ 3169.47 | 3243.64 | 4353.74 | 4353.74 | 2798.83 40 2758.83 | 719.76 | 3C20 53.00 98.00 666.76
16 W24x104| 104 39.51 9.50 30 | 100 | 20 0 0 0 0 1080 5.53 5534.65 | 3953.32 | 4543.88 | 4462.21 @ 4516.38 | 4590.55 | 6149.62 | 6149.62 3953.32 104 3849.32 | 405.19 3C20 53.00 98.00 352.19
17 W16x26 26 23.25 5.79 30 100 20 O 0 0 0 166 2.46 | 2456.70 | 1754.79 = 1978.92 = 1897.25 @ 1951.42 | 2025.58 | 2729.67 | 2729.67 | 1754.79 26 1728.79 29858 | 3C20 53.00 98.00 245.58
18 W12x14 14 6.50 5.75 30 | 100 | 20 0 0 0 0 65.2 12.35 |12345.56| 8818.26 | 10219.64 | 10137.97 | 10192.14 | 10266.30 A 13717.29 | 13717.29 | 8818.26 14 8804.26 | 1531.18 | 3C20 53.00 98.00 1478.18
19 W14x22 22 11.50 1750 [ 30 1100 20 O 0 0 0 125 7.56 | 7561.44 | 5401.03 6232.86 6151.20 6205.36 | 6279.53 | 8401.60 @ 8401.60 | 5401.03 22 5379.03 | 307.37 | 3C20 53.00 98.00 254.37
20 W21x44 44 23.25 5.25 30 1100 20 O 0 0 0 358 530 | 5298.18 | 3784.42 @ 4346.82 | 4265.15 4319.32 | 4393.49 | 5886.87 | 5886.87 | 3784.42 44 3740.42 | 712.46 | 3C20 53.00 98.00 659.46

*Non-economical Member Size *Controlling Load case is highlighted in green
Minimum Net Load (psf) 98.00 69.60
Controlling Net Allowable Load (psf) 69.60
Green Roof
Snow Water Equivalent
SWE Precip. (in.)

g2g - 10% 18.46

Y % £ 20% 9.23

SEZ 3% 6.15

é == 40% 4.62

F = 50% 3.69

Water| 100% 1.85

Notes:

110% SWE when air temp. near 14°F
1120% SWE when air temp. near 32°F

t11100% SWE is Max distance from primary
drain to secondary




Structural Calculations (Solar Roof)

Deck Wit
Weight | Length = Spacing PMp Load Load Case Load Case Load Case Load Case Load Case Load Case Load Case| Controlling| Beam Wt Net Load 7" (t=4") NW Net Allowable Load

Function  No. Size Ib/If ft ft S L, L W R E H| fK k/ft Ib/ft 1 2 3 4 5 6 7 Load Ib/ft Ib/ft b/ | Type | b/ | Capacity Ib/ft?
1 W18x35 35 36.33 7.75 30 | 20 | 20 0 0 0 0 249 151 1508.96 | 1077.83 | 1218.30 = 1200.80 | 1228.30 @ 1235.80 | 1676.63 | 1676.63 1077.83 35 1042.83 | 134.56 2C18 35.00 87.00 99.56

2 W18X35 35 35.08 8.50 30 | 20 | 20 0 0 0 0 249 1.62 1618.41 | 1156.00 | 1309.51 | 1292.01 | 1319.51 & 1327.01 | 1798.23 | 1798.23 1156.00 35 1121.00 | 131.88 2C18 35.00 87.00 96.88

3 W18x35 35 35.08 9.00 30 | 20 | 20 0 0 0 0 249 1.62 1618.41 | 1156.00 | 1309.51 § 1292.01 | 1319.51 & 1327.01 | 1798.23 | 1798.23 1156.00 35 1121.00 | 124.56 2C18 35.00 87.00 89.56

4 W18x35 35 35.08 6.75 30 | 20 | 20 0 0 0 0 249 1.62 1618.41 | 1156.00 | 1309.51 | 1292.01 | 1319.51 & 1327.01 | 1798.23 | 1798.23 1156.00 35 1121.00 | 166.07 2C18 35.00 87.00 131.07

5 W21X44 44 39.51 8.50 30 | 20 | 20 0 0 0 0 358 1.83 1834.64 | 1310.45 | 1489.70 | 1472.20 | 1499.70 @ 1507.20 | 2038.48 | 2038.48 1310.45 44 1266.45 | 148.99 2C18 35.00 87.00 113.99

6 W21X44 44 39.51 7.88 30 | 20 | 20 0 0 0 0 358 1.83 1834.64 | 1310.45 | 1489.70 | 1472.20 | 1499.70 @ 1507.20 | 2038.48 | 2038.48 1310.45 44 1266.45 | 160.82 2C18 35.00 87.00 125.82

7 W18x40 40 37.58 9.13 30 | 20 | 20 0 0 0 0 294 1.67 1665.12 | 1189.37 | 1348.44 | 1330.94 | 1358.44 @ 1365.94 | 1850.14 | 1850.14 1189.37 40 1149.37 | 125.96 2C18 35.00 87.00 90.96

8 W18x40 40 37.58 9.38 30 | 20 | 20 0 0 0 0 294 1.67 1665.12 | 1189.37 | 1348.44 | 1330.94 | 1358.44 @ 1365.94 | 1850.14 | 1850.14 1189.37 40 1149.37 | 122.60 2C18 35.00 87.00 87.60

9 W21x44 44 36.58 6.00 30 | 20 | 20 0 0 0 0 358 2.14 2139.96 | 1528.55 | 1744.14 | 1726.64 | 1754.14 | 1761.64 | 2377.74 | 2377.74 1528.55 44 148455 | 247.42 2C18 35.00 87.00 212.42

% 10 W21X44 44 37.58 4.32 30 | 20 | 20 0 0 0 0 358 2.03 2027.60 | 1448.29 | 1650.50 | 1633.00 @ 1660.50 | 1668.00 | 2252.89 | 2252.89 1448.29 44 1404.29 | 325.16 2C18 35.00 87.00 290.16
A 11* W18x76 76 35.08 9.00 30 | 20 | 20 0 0 0 0 611 3.97 3971.27 | 2836.62 | 3270.23 | 3252.73 | 3280.23 | 3287.73 | 4412.52 | 4412.52 2836.62 76 2760.62 | 306.75 2C18 35.00 87.00 271.75
12* W18x60 60 36.33 7.75 30 20 | 20 0 0 0 0 461 2.79 2793.70 | 1995.50 | 2288.92 | 2271.42 @ 2298.92 | 2306.42 | 3104.12 | 3104.12 1995.50 60 1935.50 | 249.74 2C18 35.00 87.00 214.74
13 W21x50 50 39.51 6.84 30 | 20 | 20 0 0 0 0 413 2.12 2116.49 | 1511.78 | 172458 | 1707.08 & 173458 | 1742.08 | 2351.66 | 2351.66 1511.78 50 1461.78 | 213.67 2C18 35.00 87.00 178.67
14 W12x19 19 24.50 6.63 30 | 20 | 20 0 0 0 0 92.6 1.23 1234.15 | 881.54 989.29 971.79 999.29 | 1006.79 | 1371.28 | 1371.28 881.54 19 862.54 | 130.19 2C18 35.00 87.00 95.19
15 W18x40 40 24.50 3.83 30 | 20 | 20 0 0 0 0 294 3.92 3918.37 | 2798.83 | 3226.14 | 3208.64 | 3236.14 | 3243.64 = 4353.74 | 4353.74 | 2798.83 40 2758.83 | 719.76 2C18 35.00 87.00 684.76
16 W24x104| 104 39.51 9.50 30 | 20 | 20 0 0 0 0 1080 5.53 5534.65 | 3953.32 | 4573.05 | 4555.55 | 4583.05 | 4590.55 | 6149.62 | 6149.62 3953.32 104 3849.32 | 405.19 2C18 35.00 87.00 370.19
17 W16x26 26 23.25 5.79 30 | 20 | 20 0 0 0 0 166 2.46 2456.70 | 1754.79 | 2008.08 | 1990.58 @ 2018.08 | 2025.58 | 2729.67 | 2729.67 1754.79 26 1728.79 | 298.58 2C18 35.00 87.00 263.58
18 W12x14 14 6.50 5.75 30 | 20 | 20 0 0 0 0 65.2 12.35 | 12345.56| 8818.26 | 10248.80 | 10231.30 | 10258.80  10266.30 | 13717.29 | 13717.29 | 8818.26 14 8804.26 | 1531.18 | 2C18 35.00 87.00 1496.18
19 W14x22 22 11.50 17.50 30 | 20 | 20 0 0 0 0 125 7.56 7561.44 | 5401.03 @ 6262.03 | 6244.53 @ 6272.03 | 6279.53 | 8401.60 | 8401.60 5401.03 22 5379.03 | 307.37 2C18 35.00 87.00 272.37
20 W21x44 44 23.25 5.25 30 | 20 | 20 0 0 0 0 358 5.30 5298.18 | 3784.42 | 4375.99 | 4358.49 & 4385.99 | 4393.49 | 5886.87 | 5886.87 3784.42 44 3740.42 | 712.46 2C18 35.00 87.00 677.46

*Non-economical Member Size *Controlling Load case is highlighted in green
Minimum Net Load (psf) 87.00 87.60
Controlling Net Allowable Load (psf) 87.00
Solar Roof
Snow Water Equivalent
SWE Precip. (in.)

2g o 10% 123.81

S % £ 20% 61.90

SEZ 3% 41.27

é £E3 40% 30.95

.= 50% 24.76

Water| 100% 12.38

Notes:

110% SWE when air temp. near 14°F
t120% SWE when air temp. near 32°F

t11100% SWE is Max distance from primary
drain to secondary



Structural Calculations (Cool Roof)

Weight | Length = Spacing ¢Mp Load Load Case|Load Case Load Case Load Case Load Case|Load Case Load Case| Controlling | Beam Wt Net Load Deck Wt Net Allowable Load

Function  No. Size Ib/If ft ft S L, L W R E HI| fK k/ft Ib/ft 1 2 3 4 5 6 7 Load Ib/ft Ib/ft b/ | Type | b/ | Capacity Ib/ft?
1 W18x35 35 36.33 7.75 30 20 | 20 0 0 0 0 249 151 | 1508.96 | 1077.83 | 1218.30 1200.80 | 1228.30 | 1235.80 @ 1676.63 | 1676.63 | 1077.83 35 1042.83 | 13456 | 3N22 2.26 70.00 132.30

2 W18X35 35 35.08 8.50 30 | 20 | 20 0 0 0 0 249 1.62 1618.41 | 1156.00 | 1309.51 | 1292.01 | 1319.51 & 1327.01 | 1798.23 | 1798.23 1156.00 35 1121.00 | 131.88 3N22 2.26 70.00 129.62

3 W18x35 35 35.08 9.00 30 20 | 20 0 0 0 0 249 1.62 | 1618.41 | 1156.00 | 1309.51 1292.01 | 1319.51 | 1327.01 | 1798.23 | 1798.23 | 1156.00 35 1121.00 12456 | 3N22 2.26 70.00 122.30

4 W18x35 35 35.08 6.75 30 | 20 | 20 0 0 0 0 249 1.62 1618.41 | 1156.00 | 1309.51 | 1292.01 | 1319.51 & 1327.01 | 1798.23 | 1798.23 1156.00 35 1121.00 | 166.07 3N22 2.26 70.00 163.81

5 W21X44 44 39.51 8.50 30 20 | 20 0 0 0 0 358 1.83 | 1834.64 | 1310.45 | 1489.70 147220 | 1499.70 | 1507.20 A 2038.48 | 2038.48 | 1310.45 44 1266.45 14899 | 3N22 2.26 70.00 146.73

6 W21X44 44 39.51 7.88 30 | 20 | 20 0 0 0 0 358 1.83 1834.64 | 1310.45 | 1489.70 | 1472.20 | 1499.70 @ 1507.20 | 2038.48 | 2038.48 1310.45 44 1266.45 | 160.82 3N22 2.26 70.00 158.56

7 W18x40 40 37.58 9.13 30 20 | 20 0 0 0 0 294 1.67 | 1665.12 | 1189.37 | 1348.44 1330.94 | 1358.44 | 1365.94 @ 1850.14 | 1850.14 | 1189.37 40 1149.37 | 12596 | 3N22 2.26 70.00 123.70

8 W18x40 40 37.58 9.38 30 | 20 | 20 0 0 0 0 294 1.67 1665.12 | 1189.37 | 1348.44 | 1330.94 | 1358.44 @ 1365.94 | 1850.14 | 1850.14 1189.37 40 1149.37 | 122.60 3N22 2.26 70.00 120.34

9 W21x44 44 36.58 6.00 30 20 | 20 0 0 0 0 358 2.14 | 2139.96 | 1528.55 | 1744.14 1726.64 | 1754.14 | 1761.64 | 2377.74 | 2377.74 | 1528.55 44 148455 | 247.42 | 3N22 2.26 70.00 245.16

% 10 W21X44 44 37.58 4.32 30 | 20 | 20 0 0 0 0 358 2.03 2027.60 | 1448.29 | 1650.50 | 1633.00 @ 1660.50 | 1668.00 | 2252.89 | 2252.89 1448.29 44 1404.29 | 325.16 3N22 2.26 70.00 322.90
A 11* W18x76 76 35.08 9.00 30 | 20 | 20 0 0 0 0 611 3.97 | 3971.27 | 2836.62 | 3270.23 | 3252.73 | 3280.23 | 3287.73 | 4412.52 | 441252 | 2836.62 76 2760.62 | 306.75 [ 3N22 2.26 70.00 304.49
12* W18x60 60 36.33 7.75 30 20 | 20 0 0 0 0 461 2.79 2793.70 | 1995.50 | 2288.92 | 2271.42 @ 2298.92 | 2306.42 | 3104.12 | 3104.12 1995.50 60 1935.50 | 249.74 3N22 2.26 70.00 247.48
13 W21x50 50 39.51 6.84 30 20 | 20 0 0 0 0 413 2.12 | 2116.49 | 1511.78 | 172458 1707.08 | 1734.58 | 1742.08 | 2351.66 | 2351.66 | 1511.78 50 1461.78 = 213.67 | 3N22 2.26 70.00 211.41
14 W12x19 19 24.50 6.63 30 | 20 | 20 0 0 0 0 92.6 1.23 1234.15 | 881.54 989.29 971.79 999.29 | 1006.79 | 1371.28 | 1371.28 881.54 19 862.54 | 130.19 3N22 2.26 70.00 127.93
15 W18x40 40 24.50 3.83 30 20 | 20 0 0 0 0 294 3.92 | 3918.37 | 2798.83  3226.14 | 3208.64 3236.14 | 3243.64 | 4353.74 | 4353.74 | 2798.83 40 2758.83 719.76 | 3N22 2.26 70.00 717.50
16 W24x104| 104 39.51 9.50 30 | 20 | 20 0 0 0 0 1080 5.53 5534.65 | 3953.32 | 4573.05 | 4555.55 | 4583.05 | 4590.55 | 6149.62 | 6149.62 3953.32 104 3849.32 | 405.19 3N22 2.26 70.00 402.93
17 W16x26 26 23.25 5.79 30 20 | 20 0 0 0 0 166 2.46 | 2456.70 | 1754.79 = 2008.08 | 1990.58 2018.08 | 2025.58 | 2729.67 | 2729.67 | 1754.79 26 1728.79 = 298.58 | 3N22 2.26 70.00 296.32
18 W12x14 14 6.50 5.75 30 | 20 | 20 0 0 0 0 65.2 12.35 | 12345.56| 8818.26 | 10248.80 | 10231.30 | 10258.80  10266.30 | 13717.29 | 13717.29 | 8818.26 14 8804.26 | 1531.18 | 3N22 2.26 70.00 1528.92
19 W14x22 22 11.50 1750 | 30 | 20 | 20 0 0 0 0 125 7.56 | 7561.44 | 5401.03 @ 6262.03 | 6244.53 6272.03 | 6279.53 | 8401.60 A 8401.60 | 5401.03 22 5379.03 307.37 | 3N22 2.26 70.00 305.11
20 W21x44 44 23.25 5.25 30 20 | 20 0 0 0 0 358 530 | 5298.18 | 3784.42 | 4375.99 | 4358.49 438599 | 4393.49  5886.87 @ 5886.87 | 3784.42 44 3740.42  712.46 | 3N22 2.26 70.00 710.20

*Non-economical Member Size *Controlling Load case is highlighted in green
Minimum Net Load (psf)  70.00 120.34
Controlling Net Allowable Load (psf) 70.00
Cool Roof
Snow Water Equivalent
SWE Precip. (in.)

2g o 10% 94.65

N % £ 20% 47.33

SEZ 3% 3155

é £E3 40% 23.66

.= 50% 18.93

Water| 100% 9.47

Notes:

110% SWE when air temp. near 14°F
t120% SWE when air temp. near 32°F
t11100% SWE is Max distance from primary

drain to secondary
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Appendix L —STADD Results (Green Roof Analysis)
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Lifecycle Cost Analysis
Year EPDM Green Roof Difference
0 $ (60.500.00) § (60.500.00) $ (105924.36): $ (10592436)| § (45424 36)
1 $  (L100.00) § (61.600.00)[ 3  5.056.29 | $ (100868.07)| § (39.268.07)
2 $  (1100.00) § (62700.00)[ 3 505629 :% (95811.78) 8 (33.111.78)
3 [s (110000) $ (6380000)[ S 505620 § (90.755.48)| $ (26.955.48)
4 |$ (1100.00) § (64900.00)[ 3 505629 i $ (85699.19) § (20.799.19)
5 $  (L100.00) $ (66.000.00) 3 505629 : S (30642.90)| § (14.642.90)
6 $  (1.10000) $ (67.10000)[ $ 505629 | $ (7558661} 5 (8.486.61)
7 $  (1100.00) § (68200.00) 3 505629 : % (7053032) %  (2330.32)
8 $  (110000): $ (6930000)[$ 505629 :% (6547402)|$ 382598
9 |$ (1,10000) $ (70.40000)[$ 505629 | § (60417.73)| S 998227
10 |$ (110000 % (715000008 505629 § (5536144)[% 1613856
11 [$ (1100.00)} § (72600.00)[ $ 505629 | $ (50305.15)| § 2229485
12 |$ (61600000 § (134200000[ % 505629  § (4524886)) % 8895114
13 [$  (1100.00) $ (135300.00)( $ 505629 | $ (40192.56)| $ 9510744
14 |$ (1,10000) § (136400000[$ 505629 | § (35136.27)| S 101.263.73
15 |§  (110000): $ (13750000)[$ 505629 ' $ (30079.98)| $ 10742002
16 |$ (1.10000): § (13860000 $ 505629 : § (25023.69) $ 11357631
17 |$ (1,10000) § (139700000[§ 505629  § (19967.40) & 119.732.60
18 [$ (1100.00): § (140.800.00)( $ 505629 | § (1491110} $ 12588890
19 |$ (1,10000) § (141.900000[$ 503629 1 § (985481 § 13204519
20 |$  (110000): § (14300000)[$ 505629 $ (479852)| § 13820148
21 $ (1100000 § (144100000 $ 505629 : § 25777 | 144.357.77
22 $  (1100.00): § (14520000 505629 § 531407 | § 13051407
23 $ (1,100.00%: $ (146,300.00) % 505629 1% 1037036 | 3 156.670.36
24 $  (61.600.00): $ (207.900.00)| 3 503629 1§ 1542665 | 3 223326.65
25 3 (1,100.00): $ (209.000.00)] % 505629 1§ 2048294 |5 22948294
26 $ (1100000 § (210,100,000 $ 505629 | § 2553923 | § 23563923
27 $ 0 (1L100.00) § (211200000 § 505629 % 3059553 |5 24179533
28 $ (1,100.00%: $ (212300.00)] % 505629 1§ 3565182 | % 247951.82
29 $  (1100.00): $ (213.400.00)[ 503629 % 4070811 | § 23410811
30 3 (1,100.00): § (21450000} % 505629 1§ 4576440 | 5 26026440
31 $  (1100.00) $ (21560000 3 505629 1§ 5082069 |3 266,420.69
32 $ (1L100.00) § (216,700.000[ § 503629 % 5587699 | % 27237699
33 $ (1100000 § (217.800.000( $ 505629 | § 6093328 |§ 27873328
34 $  (1.100.00); $ (218.900.00)| § 503629 ' § 6598957 | § 284883937
35 5 (1,100.00%: $ (220,000.00)] % 505629 1% 7104586 |5 291.045.86
36 $ (61.600.00): 3 (281.600.00)[ 3 505629 1% 7610215 |3 357.702.15
37 $ (1100.00): § (282700000 § 503629 % 8115845 |F 36385343
38 $ (110000 § (283800000 $ 505629 1§ 8621474 | § 370.014.74
39 $  (1.100.00): § (28490000 503629 % 9127103 |3 376171.03
40 $ (1,100.00): $ (286,000.00) % 505629 1§ 9632732 | % 38232732
41 $  (1100.00): $ (287.100.00)[ § 505629 : & 10138361 | § 388483.61
42 3 (1,100.00): $ (28820000} % 505629 : 5 10643991 | § 394.639.91
43 $ (110000 § (28930000 $ 505629 18 11149620 | §  400.7%6.20
44 $ 0 (1100.00) § (290400000 § 505629 % 11655249 | § 40693249
45 $ (1,100.00%: $ (291.500.00) % 505629 1% 12160878 | § 413.108.78
46 $  (1100.00): $ (292.600.00)| $ 5036.29 1 & 12666507 | § 419265.07
47 3 (1,100.00): $ (293.700.00)] % 505629 1§ 13172137 | § 425421.37
48 $ (61.600.00) $ (35530000 3 505629 1§ 13677766 | § 492.077.66
49 $ 0 (1100.00) § (356400000 § 503629 % 14183395 |5 49323395
50 $ (110000 § (337.500.000] $ 5056.29 | § 14689024 | § 3504.390.24
EPDM Green Roof
Pavback N/A 209 7.4
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Appendix O — Energy Savings Calculations (Curtain Wall Redesign Analysis)
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Energy Savings

Annual Building Electrical Usage
Percent Used by Mech. Systems

Electricity Usage Breakdown
Per Floor

Levels 1-8

Electricity Savings
Glazing Redesign

Total Savings

Total Electicity Usage

Existing Design

Proposed Design
Cost of Electricity

Total Electicity Cost
Existing Design

Proposed Design

Total Savings

1,730,769 EWhr
60%
129,808 EWhr
1,038 462 EWhr
43% 167,323 £Whr
167.323 EWhr
2120192 EWhr
1,260,561 EWhr
$0.1543 per ¥Wht

$327.145 .67
$194.504.60

$132,641.08 per year
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Appendix P — Federal and State Financial Incentives (Curtain Wall Redesign Analysis)
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DSIRE

Database of State Incentives for Renewables & Efficiency

Page 1 of 2

ENERGY | o frar
wnosre00lar Center
@IREC

3/20/10

Federal

Incentives/Policies for Renewables & Efficiency

Energy-Efficient Commercial Buildings Tax Deduction

Last DSIRE Review: 11/17/2009

Program Overview:

State:
Incentive Type:

Eligible Efficiency Technologies:

Applicable Sectors:

Amount:

Maximum Incentive:

Equipment Requirements:

Web Site:

Authority 1:
Date Enacted:
Date Effective:

Expiration Date

Authority 2:

Date Enacted:
Expiration Date

Summary:

Federal
Corporate Deduction

Equipment Insulation, Water Heaters, Lighting, Lighting
Controls/Sensors, Chillers , Furnaces , Boilers, Heat pumps,
Central Air conditioners, Caulking/Weather-stripping, Duct/Air
sealing, Building Insulation, Windows, Doors, Siding, Roofs,
Comprehensive Measures/Whole Building

Commercial, Construction, State Government, Fed. Government,
(Deductions associated with government buildings are
transferred to the designer)

$0.30-$1.80 per square foot, depending on technology and
amount of energy reduction
$1.80 per square foot

Not specified, but building must be certified as meeting specific
energy reduction targets as a result of improvements in interior
lighting; building envelope; or heating, cooling, ventilation, or hot
water systems.

http://www.efficientbuildings.org

26 USC § 179D

8/8/2005 (subsequently amended)
1/1/2006

12/31/2013

H.R. 1424: Div. B, Sec. 303 (The Energy Improvement and
Extension Act of 2008)

10/3/2008
12/31/2013

The federal Energy Policy Act of 2005 established a tax deduction for energy-efficient commercial buildings
applicable to qualifying systems and buildings placed in service from January 1, 2006, through December
31, 2007. This deduction was subsequently extended through 2008, and then again through 2013 by
Section 303 of the federal Energy Improvement and Extension Act of 2008 (H.R. 1424, Division B), enacted
in October 2008.

A tax deduction of $1.80 per square foot is available to owners of new or existing buildings who install (1)
interior lighting; (2) building envelope, or (3) heating, cooling, ventilation, or hot water systems that reduce
the building’s total energy and power cost by 50% or more in comparison to a building meeting minimum
requirements set by ASHRAE Standard 90.1-2001. Energy savings must be calculated using qualified
computer software approved by the IRS. Click here for the list of approved software.

http://www.dsireusa.org/incentives/incentive.cfm?Incentive Code=US40F&re=1&ee=1&p... 3/20/2010
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Deductions of $0.60 per square foot are available to owners of buildings in which individual lighting, building
envelope, or heating and cooling systems meet target levels that would reasonably contribute to an overall
building savings of 50% if additional systems were installed.

The deductions are available primarily to building owners, although tenants may be eligible if they make
construction expenditures. In the case of energy efficient systems installed on or in government property,
tax deductions will be given to the person primarily responsible for the systems’ design. Deductions are
taken in the year when construction is completed.

The IRS released interim guidance (IRS Notice 2006-52) in June 2006 to establish a process to allow
taxpayers to obtain a certification that the property satisfies the energy efficiency requirements contained in
the statute. IRS Notice 2008-40 was issued in March of 2008 to further clarify the rules. NREL published a
report (NREL/TP-550-40228) in February 2007 which provides guidelines for the modeling and inspection of
energy savings required by the statute, and the US Department of Energy has compiled a list of qualified
computer software for calculating commercial building energy and power cost savings.

Click here for answers to frequently asked questions provided by the Commercial Building Tax Deduction
Coalition.

For more information, visit the Energy Star web site.

Contact:

Public Information - IRS

U.S. Internal Revenue Service
1111 Constitution Avenue, N.W.
Washington, DC 20224

Phone: (800) 829-1040

Web Site: http://www.irs.gov

http://www.dsireusa.org/incentives/incentive.cfm?Incentive Code=US40F&re=1&ee=1&p... 3/20/2010
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District of Columbia
Incentives/Policies for Renewables & Efficiency

Renewable Energy Incentive Program

Last DSIRE Review: 02/04/2010

Program Overview:

State: District of Columbia
Incentive Type: State Rebate Program

Eligible Renewable/Other

.~ Photovoltaics, Wind
Technologies:

Commercial, Residential, Nonprofit, Multi-Family Residential,
Private Schools

$3/W DC for first 3 kW installed capacity;
Amount: $2/W DC for next 7 kKW,
$1/W DC for next 10 kW

Maximum Incentive: $33,000 per site per program year

1 kW DC minimum; system must be sized not to exceed on-site
consumption

System must be new and have a performance meter; larger
systems must have a performance meter with remote
communications capability; system must carry a one-year
warranty and meter must carry a five-year warranty.

System must be grid-connected and installed by a licensed
contractor; one-year warranty on installation required

Program Budget: $2 million/yr for fiscal years 2009-2012

Ownership of Renewable Energy
Credits:

Funding Source: Sustainable Energy Trust Fund (public benefits fund)
Expiration Date: 09/30/2012 (program year expiration each September)
Web Site: http://green.dc.gov/green/cwpl/view,a,1244,q,4...

Applicable Sectors:

Eligible System Size:
Equipment Requirements:

Installation Requirements:

Customer-generator

Summary:

In February 2009, the District Department of the Environment (DDOE) introduced the Renewable Energy
Incentive Program (REIP), a rebate for solar photovoltaic (PV) and wind energy systems. The REIP is
funded through the Sustainable Energy Trust which is supported by a public benefits charge on utility bills.
The DDOE ultimately plans to introduce incentives for additional technologies, including solar water heating,
solar space heating, geothermal, and methane/waste gas capture.

Most PEPCO customers within the District of Columbia are eligible for incentives under this program;
however, the federal government, the D.C. government, and public schools are specifically identified as
ineligible. Systems must be at least 1 kW in order to qualify and should be sized not to exceed on-site
energy consumption as measured for the previous 12 months. There is no maximum system size, although
incentives are capped at $33,000 per site per fiscal year. The current incentives for solar and wind energy
systems are as follows:

» $3/watt for first 3 kW installed capacity
» $2/watt for next 7 kW installed capacity

http://www.dsireusa.org/incentives/incentive.cfm?Incentive Code=DCO06F&re=1&ee=1&... 3/20/2010
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o $1/watt for next 10 kW installed capacity

Applicants must get a site assessment and conduct a pre-qualification application to get a reservation
number. Once the pre-qualification application is approved, the applicant must complete a final application.
If funds run out for a given year, applicants hold their place in line for one year with their reservation number
and may receive funding the next year. The system must be completed within six months of the award date.
If the system is not completed, the applicant may get a six month extension. If the system is not completed
at the end of the extension, then the rebate must be returned to DDOE.

Projects must be located within the District of Columbia and applicants must be customers of Pepco.
Projects receiving incentives must be grid-connected and must follow the interconnection, operation, and
metering guidelines set by Pepco and the DC Public Service Commission. Large systems must have remote
communication capabilities for monitoring of the performance meter.

For more information, please view the program guidelines .

Contact:

Green Energy DC

District Department of the Environment
Energy Division

51 N Street NE

Washington, DC 20002

Phone: (202) 673-6700

E-Mail: greenenergy@dc.gov

Web Site: http://ddoe.dc.gov/ddoe

http://www.dsireusa.org/incentives/incentive.cfm?Incentive Code=DCO06F&re=1&ee=1&... 3/20/2010
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Appendix Q — Energy Savings Calculations (Smart Power Strip Analysis)
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Energy Savings Calculation

Work Weeks
32 per vear
Power Uasage
Work Days 8 perday
Weekend - per day
Total 40 per week
Downtime 128 per week

6,656 per vear

Cost of Electricity®
$0.1543 per kwh

Electrical Usage
Desktop PC (Dell)® 235 watts
Monitor 22" (Dell 22 watts
Savings
Desktop PC (Dell)® $241.33 per vear
136416 EW
203296 EW
76% annual savings
Monitor 22" (Dell) $22.59 per vear
i46.43 EW
18219 kW
8% ammual savings
Number of Computers 400
Total
Desktop PC (Dell)® $96,533.70 per vear
g§25,664.00 EW
Monitor 22" (Dell) $9.037.20 per vear
5837280 EW
Total $105.570.90 per vear

a84 226 80 EW
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Building Lifespan 50 vears
Desktop PC (Dell)® | $4826.684.93
21283 20000 EW
Monitor 22" (Dell) $451,859 87
52928 64000 kW

Subtotal
$5.278.544 79 per 30 yrs
3421184000 EW
$13,196.36 per computer
§5,529.60 kW
Cost of Power Strip® $29.99 per unit
£11.996.00 total
Payback Period

1.4 months

Grand Total
$93.574 90 first vear
$105,570.90 each subsequent vear
$5.266.548.79 50 vear span
$13,166.37 per computer (50 yr span)

Notes:
= Pgpeo. (2010, February 22). GENERAL SERVICE PRIMARY SERVICE.
hitpwww pepoo com’_residecumentsidr_schedule-gs-3a paf

* Dell (nd). OptiPlex 280 Desktop Computer. Retrieved Jamary 24, 2010, from Dell
Swall Buisness: http:/fwww.dell comus/en'business/ deskiops/optiplex-
380 pd asp Frefid=optiplex-380ds =bsddcs=04

© Dell fnd). P2210 22inch Widescreen Monitor. Refrieved Joweary 24, 2010, from Dell
Small Buisness:

hitpSaccessories us dell comysna products/ Displays producidetail aspe?e=us&l=end s =
bsddes=04&sku=320-8103

¢ Bast Buy. (nd ). APC - 8-Owtlet Surge Protecior - White, Retrieved Jovuery 28, 2010,
Jrom BestBuy com: hitp:iwww. bestbuy com5ite APC+-+8-Outler+ Surge+ Protector+-
+White 9663332 pPid=1218142381 283 dshnld=06637 1 2 & st=surge
protectordcp=1dlp=14
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Appendix R — Energy Savings Guide (Smart Power Strip Analysis)
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Energy Savings Guide

Work Weeks

Power Uasage
Work Days
Weekend
Total
Downtime

Cost of Electricity®

Electrical Usage
Desktop PC (Dell)®
Monitor 22" (Dell)*

Savings

Desktop PC (Dell)®

Monitor 22" (Dellf

Number of Computers

Total
Desktop PC (Dell)®

Monitor 22" (Dellf

Total

L
[

per vear

8 perday

- per day
40 per week
128 per week
6,656 per vear

$0.1543 per kwh

$241.33 per vear
136416 EW
203296 EW
76% annual savings
$22.59 per vear
i46.43 EW
18219 kW

8% ammual savings

$241.33 per vear
1584 1a EW
$22.59 per vear
Ida.43 EW
$263.93 per vear
171059 kW
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Building Lifespan 50 vears
Desktop PC (Dell)® ] $12.066.71
TE 20500 EW
Monitor 22" (Dell) $1,129.65
5732160 kW

Subtotal
$13,196.36 per 50 yrs
§5,529.60 kW
$13,196.36 per computer
§5,529.60 kW

Cost of Power Strip® $29.99 per unit
$29.99 total

Payback Period
1.4 months

Grand Total
$233.94 first year
$263.93 each subsequent vear
$13,166.37 50 year span
$13,166.37 per computer (50 yr span)

Motes:

® Pgpeo. (2010, February 22). GENERAL SERVICE PRIMARY SERFICE.
httpwww_ pepoo.com’_res/'documents/de_scheduls-gs-3a pdfl

* Dell (md). OptiPlex 280 Deskiop Computer. Retrisved Januay 24, 2010, from Dsll
Emall Buisress: hipwww. dell comus/em/business/deskiops/spriplex-
380/ pd aspxPrefid=optiplex-38 0 s=bsddicr=04

“ Dell. fmd ). P22I0 22inch Widsscreen Monitor. Retrieved Januwary 24, 2010, from Dall
Small Buisress:

hitp: accessories. us dsll comtra products Displayvs produstdstail aspe? e=usdl=endes =bsd
deos=04desky=320-8103

 Bart Buy. fred ). APC - 8-Outlst Surge Protector - Whits. Revvieved January 28, 2010,

om BestBuy_ com: hitp:www. bastbuy. comysite A PC+-+8-Outlet +5urgetProtector+-
TWhiteRFE5 532 pPid=1 215142381 283 deskuld=0003 33 2dest=rurge
protestovdecp=1d&ip=I14
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