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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
LOCATION:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• 1200 North Quaker Lane, Alexandria, VA
• Private High School Campus – Episcopal High School

BUILDING PARAMATERS:

• 99,044 SF gross building area
• 60,000 new construction, 39,000 renovation

PROJECT PARAMETERS:
SITE

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

PROJECT PARAMETERS:

• Negotiated GMP: $22,457,189
• Dates of Construction: 3/6/2009 – 9/3/2010
• Delivery Method: Design-Bid-Build with CM Agency
• LEED Certification: Silver

EHS CAMPUS

IMAGES COURTESY OF GOOGLE MAPSIMAGE COURTESY OF CANNON DESIGN
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I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
STRUCTURAL SYSTEM:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Aggregate Pier Soil Reinforcement
• Cast-in-place Concrete
• 108’ Steel Roof Trusses

BUILDING ENCLOSURE:

• “Delmarva” style brick with CMU back-up
• Glazed Aluminum Curtain Wall at Atrium
• Standing-seam Metal Roof Panels

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

IMAGESCOURTESY OF CANNON DESIGN

Standing seam Metal Roof Panels

CONSTRUCTION LOGISTICS:

• Phase One:   Utility relocation, cage ren., new gym const.
• Phase Two: New gym const., Fitness room demolition
• Phase Three:   New gym construction, existing gym ren.
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
PROBLEM IDENTIFICATION:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Many companies being forced shift into different market sectors
• Less negotiated GMP and more hard bid lump sum contracts
• Companies inexperienced with hard bid procurement techniques

RESEARCH GOAL:

• Investigate influences that shift companies to different markets
• Assess changes in strategies for procuring hard bid lump sum projects

INDUSTRY MEMBER INTERVIEWS:II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

INDUSTRY MEMBER INTERVIEWS:

• Mike Pittsman……………………….. DAVIS Construction
• Mike Arnold………………………….. Foreman Group
• Barry Perkins………………………. DAVIS Construction
• Dominic Argenteri………………… DAVIS Construction
• John Bechtel………………………… Penn State OPP
• Michael Barnhardt………………. Forrester Construction

5
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
ISSUES DISCUSSED IN INTERVIEWS:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Factors influencing shifts in strategy
• Procurement techniques
• Cost, duration and award rate
• Associated risk
• Value of relationships
• Success factors for procuring hard bid lump sum contracts
• Benefits of each contract type

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
EPISCOPAL HIGH SCHOOL CENTENNIAL GYMNASIUM:

EPISCOPAL HIGH SCHOOL WOODGROVE HIGH SCHOOL

CONTRACT TYPE Negotiated GMP Hard Bid Lump Sum

BID PERIOD 12 weeks 3 weeks 

COST TO ESTIMATE/BID
$50,000                     $110,000                      

PROJECT CASE STUDY COMPARISON

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• DAVIS Construction
• Alexandria, VA
• Negotiated GMP contract
• March 2009 – September 2010

WOODGROVE HIGH SCHOOL:

• DAVIS Construction
• Purcellville, VA

COST TO ESTIMATE/BID
(< 1% of contract) (< 1% of contract)

NUMBER OF BIDDERS 4 10

REQUEST FOR PROPOSAL Yes No

PREQUALIFICATION 
REQUIREMENTS

Pre‐selected l ist, proposal  
submission, interview and 

presentation
None

BID INSTRUCTIONS None 245 pages

AWARD CRITERIA Best value Absolute lowest price

FEE
Performance based 

aggreement
Standard percentage

CONTRACT MODIFICATIONS 8‐pages of alterations None allowed

VALUE OF RELATIONSHIPS High Low

b i bid b d d
II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

Purcellville, VA
• Hard bid lump sum contract
• February 2009 – August 2010

7

BOND REQUIREMENTS None required
Contractor submit bid bond and 
100% performance and payment 

bond

PRODUCT SUBSTITUTIONS
Permitted throughout 

project, pending Architect 
approval

Have to be submitted a least ten 
days  prior to bid date

SUBCONTRACTOR BUY‐OUT Best value decided by EHS 
Absolute lowest subcontractor 
had to be listed on bid date and 

awarded contract
 PROJECT SAVINGS CLAUSE 75% to Owner, 25% to DAVIS 0% to Owner, 100% to DAVIS

CHANGE ORDER VALUE 
(To Date)

$725,000  $2,000,000 
IMAGE COURTESY OF www.postellilaw.com/Contracts_Law.jpg
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
GENERAL GUIDELINES FOR HARD BID PROJECTS:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

1. Contractor must take initiative to review documents

2. Form subcontractor partnerships to ensure discounts

3. Identify and solicit all possible bidding subcontractors

4. Distribute bid work among several individuals

5. Properly allocate time and money spent on lost bids
II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

5. Properly allocate time and money spent on lost bids

8
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
PROBLEM IDENTIFICATION:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Site congestion due to concrete and masonry overlap
• Inefficient work lead to subcontractor demobilization
• over three weeks of delays encountered due to inefficiencies

RESEARCH GOAL:

• Perform preliminary design of precast façade
• Reduce site congestion and trade coordination on-site

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

IMAGE COURTESY OF WWW.PRECON.CA
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
ORIGINAL FACADE:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Delmarva face brick with 8” CMU back-up
• $2 million masonry package
• 4 month construction duration

PRECAST FACADE:

• Span from spandrel beam to spandrel beam
• Typical panel height of 14’-0”
• 429 total pieces

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

429 total pieces
• 18,300 sf of panels
• 75 different sizes

IMAGE COURTESY OF CANNON DESIGN
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
STRUCTURAL WEIGHTS:

STRUCTURALWEIGHTSII. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Precast significantly lighter than masonry wall
• Assume 5” thick panel with normal weight concrete

SPANDREL BEAM LOADS:

• 36% reduction in line loads
• Possible reduction in size due to smaller load

SPANDREL BEAM DEFELCTION:
ROOF LEVEL

MATERIAL WEIGHT (PSF) MATERIAL WEIGHT (PSF)
CMU 55.0 5" Thick Panel 62.5
Brick 42.0

TOTAL 97.0 TOTAL 62.5

MASONRY WALL
STRUCTURAL WEIGHTS

ARCH. PRECAST

BEAM SIZE LOADCASE MAXDEFLECTION
SPANDREL BEAM DEFLECTION

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

SPANDREL BEAM DEFELCTION:

• Governing factor of design
• Allowable deflection = L/180 = 1.67”
• Match existing deflection as close as possible

11

UPPER LEVEL

BEAM SIZE LOAD CASE MAX DEFLECTION
2.16' x 1.5' Masonry Wall Loads 0.027

Precast Panel Loads 0.017
2.0' x 1.0' Precast Panel Loads 0.033
1.75'x1.0' Precast Panel Loads 0.076
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
STRUCTURAL RECOMMENDATION:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design
ROOF LEVEL

• Reduce spandrel beams to 2.0’ x 1.0’
• 38% reduction in size
• Maintain 18” x 18” column sizes
• Approximately $37,000 savings

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

12

UPPER LEVEL

SAVINGS DUE TO REDUCTION OF SPANDREL BEAMS
EXISTING BEAM 

SIZE (CY)
REDUCED BEAM 

SIZE (CY)
% REDUCTION

INITIAL BEAM 
TOTAL CY

REDUCED BEAM 
TOTAL CY

$/CY SAVINGS

3.06 1.89 38.27% 399.00 246.30 $244.00 $37,259.70

IMAGE COURTESY OF CANNON DESIGN
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
SCHEDULE REDUCTION:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Original masonry façade duration = 86 days
• Precast erection = 12 pieces/day
• Precast façade duration = 36 days

IMPACT ON PROJECT:

• No overlap of concrete and façade trades
• Façade is not on critical path – no overall savings

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 
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ELEVATION FAÇADE SF
MASONRY 

DURATION (DAYS)
TOTAL # OF 

PRECAST PANELS
PANELS/DAY

PRECAST 
DURATION (DAYS)

SCHEDULE 
SAVINGS (DAYS)

South 4222.25 25.00 86.00 12 7.17 (17.83)
North 4461.38 25.00 81.00 12 6.75 (18.25)
East 4659.59 18.00 90.00 12 7.50 (10.50)
West 3054.06 18.00 72.00 12 6.00 (12.00)

Corners 1911.00 0.00 100.00 12 8.33 8.33
TOTAL 18308.28 86.00 429.00 12.00 35.75 (50.25)

SCHEDULE REDUCTION DUE TO PRECAST FAÇADE

IMAGE COURTESY OF WWW.PRECON.CA
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
MATERIAL PRICING:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• $75.00/sf deduct for masonry wall assembly
• $50.00/sf cost for precast panel
• $65.00/sf cost for precast corner pieces

COST REDUCTION:

• Precast façade costs approximately 32% less than masonry
• $466,301.77 overall savings from façade re-design

ELEVATION FAÇADE SF
MASONRY 
COST/SF

MASONRY 
TOTAL COST

PRECAST 
COST/SF

PRECAST 
TOTAL COST

COST SAVINGS

South 4222.25 $75.00 $316,669.02 $50.00 $211,112.68 $105,556.34
North 4461.38 $75.00 $334,603.21 $50.00 $223,068.81 $111,534.40
West 3054.06 $75.00 $229,054.43 $50.00 $152,702.96 $76,351.48
East 4659.59 $75.00 $349,469.54 $50.00 $232,979.69 $116,489.85

$ $ $ $ $

COST REDUCTION DUE TO PRECAST FAÇADE

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 
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Corners 1911.00 $75.00 $143,325.00 $65.00 $124,215.00 $19,110.00
TOTAL 18308.28 $75.00 $1,373,121.20 $65.00 $944,079.13 $429,042.07

Precast Panel Cost $944,079.13
Masonry Wall Deduct ($1,373,121.20)
Spandrel Beam Deduct ($37,259.70)

TOTAL SAVINGS $466,301.77

OVERALL SAVINGS

IMAGE COURTESY OF WWW.PRECON.CA
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
SITE CONGESTION:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Reduced façade schedule allows for no trade overlap
• Concrete/steel occupy site solely
• No masonry staging areas or scaffolding
• Increased efficiency
• Only metal decking will occur during precast erection

PRECAST ERECTION SEQUENCE:

• additional phase to construction
II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

additional phase to construction
• erection begins on East façade, works clockwise
• Two delivery truck locations
• Four precast crane locations
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PRECAST FAÇADE REPRECAST FAÇADE RE--DESIGNDESIGN
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
ARCHITECTURAL IMPLICATIONS:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Higher cost/sf to achieve detail
• Standardize window/louver dimensions
• Change interior wall surface in gymnasium
• Complex interfaces

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

16
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
FINAL CONCLUSIONS:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Precast façade reduces schedule and cost
• Eliminates site congestion and inefficiencies
• Possible reduction of structural spandrel beams
• Minor architectural implications

RECOMMENDATION:

• Pursue precast façade based on constructability concerns
• Met goal of analysis to reduce site congestion issues

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

Met goal of analysis to reduce site congestion issues
• Ultimately owner/arch. must make decision

17
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
PROBLEM IDENTIFICATION:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Project is pursuing LEED Silver certification
• Few sustainable techniques pursued in project
• PV system eliminated from scope

RESEARCH GOAL:

• Perform preliminary design of a building integrated PV system
• Determine financial feasibility of system
• reduce energy costs for EHS

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

reduce energy costs for EHS

IMAGE COURTESY OF www.residentsolar.com
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
ORIENTATION:

SUMMER
9AM 4PM

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Half of New Addition Roof faces directly South
• 9000 sf of roof space
• Roof pitched 3:12 (approx. 15 degrees)

SOLAR SHADING:

• No shading at 9Am and 4PM for each case
• Maintain 5’ perimeter to avoid shading from parapet wall

FALL/SPRING
9AM 4PM

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS WINTER
9AM 4PM
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
PRODUCT SELECTION:

SOLAR ARRAY SIZING CALCULATION

Sun Hours Per Day 4.90 Reference chart on pg. 6 Kyocera Catalog

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Kyocera Solar Products Catalog
• KD210GX-LP Panel (59”x 39”)
• “RapidRac” unitized mount (15 degree tilt)

TOTAL BUILDING ENERGY:

• Estimate 500kWh per day for building load
• Requires 1000 panels = 210 kW system
• Requires 25,000 sf of roof space

Watt‐Hours Per Day 125000 From Energy Load Table

Watts per Hour of Sunlight 25510 Daily watt‐hours divided by sun hours per day

Actual Produced Power Per Panel 102.70 Amperage x charging voltage for KD210GX‐LP panel

# of Panels Required 248.40 Watts/hour divided by actual power of panel

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

Requires 25,000 sf of roof space

ACTUAL SYSTEM SIZE:

• 52.5 kW
• 250 PV panels
• Fixed at 30 degree tilt

20
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
UNIT WEIGHTS:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• PV Panels = 40 lbs. each
• Mounts = 12 lbs. each

TRIBUTARY AREA:

• 12.5’ truss spacing
• Trib. Area = 6.25’ in each direction = 12.5’ total
• 20 panels and mounts per truss

LOADS ON TRUSS FROM PV SYSTEM

COMPONENT WEIGHT (LBS.) TRIB. AREA (SF) #/TRUSS LOAD (LBS.) TRUSS LENGTH (FT) LINE LOAD (PLF)

PV Panel 40.00 675.00 20.00 800.00 54.00 14.81

Mount 12.00 675.00 20.00 240.00 54.00 4.44

TOTAL 52.00 675.00 20.00 1040.00 54.00 19.26

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

RESULTING LOAD:

• 19.26 plf per roof truss
• existing trusses are able to support additional load
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
SYSTEM PRODUCTION:PV WATTS FACTOR RESULTS

MONTH SOLAR RADIATION AC ENERGY ENERGY VALUE
64,782kWh

Yearly Building Energy Usage

Yearly PV System Energy 
Production

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• 64,782 kWh per year
• 5400 kWh average per month
• 180 kWh average per day
• PV Watts factor = 1234

OVERALL ENERGY PRODUCTION:

• 35% of building usage
• 100% of gymnasium overhead lights 

OVERHEAD GYM LIGHTING ENERGY LOADS

COMPONENT QUANTITY WATTS HRS/DAY kWH

MONTH SOLAR RADIATION AC ENERGY ENERGY VALUE
(kWh/m

2
/day) (kWh) ($)

1 3.36 4346 347.68
2 4.11 4681 374.48

3 4.76 5849 467.92

4 5.44 6236 498.88
5 5.56 6257 500.56
6 5.98 6531 522.48
7 5.74 6299 503.92
8 5.53 6182 494.56
9 5.08 5605 448.40

182,500 kWh

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

100% of gymnasium overhead lights Q /

New Gym Overhead Lights ‐
4’‐0” 277V Fluorescent Pendants

45 32.00 6.00 8.64

Existing Gym Overhead Lights ‐
Pulse‐Start Hi‐Bay Pendants

65 400.00 4.00 104.00

TOTAL 110 112.64

10 4.56 5369 429.52

11 3.35 3957 316.56

12 2.81 3469 277.52

Year 4.69 64782 5182.56
PV WATTS FACTOR = Annual AC Energy/System DC Rating = 64782/52.5 = 1234
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
GRID CONNECTION:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Additional 250A load on main panel for load-side connection  
• Use Supply-side interconnection

ELECTRICAL COMPONENTS REQUIRED:

• DC Wire Run
• DC Disconnects
• Inverter
• AC Disconnects

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

AC Disconnects
• AC Wire Run
• Service-Tap Meter Box

23
IMAGESCOURTESY OF SMA CATALOG



24

EPISCOPAL HIGH SCHOOLEPISCOPAL HIGH SCHOOL
CENTENNIAL GYMNASIUMCENTENNIAL GYMNASIUM

ALEXANDRIA, VAALEXANDRIA, VA

ERIC FEDDER | CONSTRUCTION MANAGEMENTERIC FEDDER | CONSTRUCTION MANAGEMENT

PHOTOVOLTAIC ARRAY SYSTEMPHOTOVOLTAIC ARRAY SYSTEM
EPISCOPAL HIGH SCHOOLEPISCOPAL HIGH SCHOOL

CENTENNIAL GYMNASIUMCENTENNIAL GYMNASIUM
ALEXANDRIA, VAALEXANDRIA, VA

ERIC FEDDER | CONSTRUCTION MANAGEMENTERIC FEDDER | CONSTRUCTION MANAGEMENT

PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
SYSTEM SET-UP:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Locate inverter on roof level at Southeast corner
• Minimize DC run
• Cover inverter to minimize sun/moisture exposure
• 53’ DC wire run
• 115’ AC wire run
• 68% less wire due to locating inverters on roof

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
SYSTEM SET-UP:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Locate inverter on roof level at Southeast corner
• Minimize DC run
• Cover inverter to minimize sun/moisture exposure
• 53’ DC wire run
• 115’ AC wire run
• 68% less wire due to locating inverters on roof

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
SYSTEM COST:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• US Dept. of Energy Annual Energy Report
• System < 250kW in mid-Atlantic region = $7.50/watt

REBATES/INCENTIVES:

• Virginia State Energy Program - $2000/kW system up to 10kW
• Federal Tax Credit – 30% of gross installation cost
• Virginia Alternative Energy Credit – 0.20$/kWh produced

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

26

SIZE (kW) $/W COST
52.5 $7.50 $393,750.00

ESTIMATED COST OF PV SYSTEM
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
FINANCING OPTIONS:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Option one: 0% borrowed
• Option two: 50% borrowed
• Option three: 100% borrowed

FINANCING PARAMATERS:

• 0.082$/kWh retail cost of electricity (Virginia)
• 1% market rate increase each year
• 2.00% APY interest rate over 25 year loan period $0.00

$100,000.00

$200,000.00

$300,000.00

$400,000.00

$500,000.00

PAYBACK PERIOD ‐ CASE ONE

Project Cost

Savings

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

2.00% APY interest rate over 25 year loan period
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
FINANCING OPTIONS:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Option one: 0% borrowed
• Option two: 50% borrowed
• Option three: 100% borrowed

FINANCING PARAMATERS:

• 0.082$/kWh retail cost of electricity (Virginia)
• 1% market rate increase each year
• 2.00% APY interest rate over 25 year loan period $0.00

$100,000.00

$200,000.00

$300,000.00

$400,000.00

$500,000.00

PAYBACK PERIOD ‐ CASE TWO

Project Cost

Savings

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

2.00% APY interest rate over 25 year loan period
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
FINANCING OPTIONS:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Option one: 0% borrowed
• Option two: 50% borrowed
• Option three: 100% borrowed

FINANCING PARAMATERS:

• 0.082$/kWh retail cost of electricity (Virginia)
• 1% market rate increase each year
• 2.00% APY interest rate over 25 year loan period $0.00

$100,000.00

$200,000.00

$300,000.00

$400,000.00

$500,000.00

PAYBACK PERIOD ‐ CASE THREE

Project Cost

Savings

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

2.00% APY interest rate over 25 year loan period
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OPTION UP‐FRONT COST LOAN AMOUNT
YEARLY ENERGY 

SAVINGS
25‐YEAR VALUE PAYBACK PERIOD

1 $255,625.00 $0.00 $20,000.00 $218,338.33 14 years
2 $107,813.00 $187,953.00 $20,000.00 $178,198.92 16 years
3 $0.00 $325,043.00 $20,000.00 $148,920.00 18 years

PV ARRAY FEASIBILTY ANALYSIS OPTION SUMMARY
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PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
RECOMMENDATION:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• New Centennial roof optimal for solar array
• 52.5kW, 250 panel system
• Fully fund up-front costs, i.e. no loan

MAE RESEARCH:

• AE 572: Project Development and Delivery Planning

• Life-cycle cost analysis
II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED
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• financial feasibility

• AE 597D: Sustainable Building Methods

• Building orientation/optimal tilt angle
• Rebates/incentives for solar energy
• Current solar technologies

30
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ANALYSIS #1:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

• Subcontractor partnerships are key to success
• Hard bid contract stipulations for subcontractor buy-out

ANALYSIS #2:

• Precast panels can be cost and time effective
• Must analyze schedule benefits beyond critical path

ANALYSIS #3:
II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

• Critical to perform feasibility study early in project development
• Rebates/incentives available that make PV systems affordable
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SPECIAL THANKS TO:

B  Q   DAVIS

ACADEMIC ACKNOWLEDGEMENTS:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

Bryan Quinn at DAVIS
Grant Rogers at Cannon Design

Episcopal High School Project Team
Andy Mackey – AE Grad Student

PACE Industry Members
My Family and Friends

Penn State AE Faculty
Dr. Chris Magent – CM Advisor
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I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes STRUCTURAL LOADS ON SPANDREL BEAMS AT BAY 7‐8 FROM MASONRY
ROOF SPANDREL BEAM ROOF SPANDREL BEAM

STRUCTURAL LOADS ON SPANDREL BEAMS AT BAY 7‐8 FROM PRECAST

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

PANEL SF
TOTAL 

WEIGHT (lbs.)
% ON BEAM

LOAD ON 
BEAM (lbs.)

LINE LOAD ON 
BEAM (PLF)

A‐1 47.5 4607.5 100.00% 4607.5 180.69
C‐1 33.75 3273.75 100.00% 3273.75 128.38
A‐1 47.5 4607.5 100.00% 4607.5 180.69

TOTAL 12488.75 489.75

PANEL SF
TOTAL 

WEIGHT (lbs.)
% ON BEAM

LOAD ON 
BEAM (lbs.)

LINE LOAD ON 
BEAM (PLF)

A 133 12901 100 00% 12901 505 92

ROOF SPANDREL BEAM

UPPER SPANDREL BEAM

PANEL SF
TOTAL 

WEIGHT (lbs.)
% ON BEAM

LOAD ON 
BEAM (lbs.)

LINE LOAD ON 
BEAM (PLF)

A‐1 47.5 2968.75 100.00% 2968.75 116.42
C‐1 33.75 2109.375 100.00% 2109.375 82.72
A‐1 47.5 2968.75 100.00% 2968.75 116.42

TOTAL 8046.875 315.56

PANEL SF
TOTAL 

WEIGHT (lbs.)
% ON BEAM

LOAD ON 
BEAM (lbs.)

LINE LOAD ON 
BEAM (PLF)

A 133 8312 5 100 00% 8312 5 325 98

UPPER SPANDREL BEAM

ROOF SPANDREL BEAM

TYPE LOAD (PSF) TRIB. AREA (SF) POINT LOAD (LBS.)
ROOF LIVE 20.0 690.0 13800.0
SNOW 20.0 690.0 13800.0
SELF WEIGHT

DECKING 2.8 690.0 1932.0
TRUSS N/A N/A 5000.0
TOTAL 42 8 34532 0

POINT LOAD FROM TRUSS ON ROOF SPANDREL BEAM

II. Structural Impact

III. Energy/Electrical Impact
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A 133 12901 100.00% 12901 505.92
C 35.43 3436.71 100.00% 3436.71 134.77
C‐2 15.18 1472.46 100.00% 1472.46 57.74
A 133 12901 100.00% 12901 505.92

TOTAL 30711.17 1204.36

A 133 8312.5 100.00% 8312.5 325.98
C 35.43 2214.375 100.00% 2214.375 86.84
C‐2 15.18 948.75 100.00% 948.75 37.21
A 133 8312.5 100.00% 8312.5 325.98

TOTAL 19788.125 776.00

TOTAL 42.8 34532.0
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I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes
BEAM LOAD CASE DISTANCE (FT)

X DEFLECTION 
(IN.)

Y DEFLECTION 
(IN.)

RESULTANT 
DEFLECTION (IN.)

DEFLECTION AT SPANDREL BEAMS (2.16'x1.5')

BEAM LOAD CASE DISTANCE (FT)
X DEFLECTION 

(IN.)
Y DEFLECTION 

(IN.)
RESULTANT 

DEFLECTION (IN.)

Upper Masonry Wall Loads 0 0 0 0

DEFLECTION AT SPANDREL BEAMS (2.0'x1.0')

BEAM LOAD CASE DISTANCE (FT)
X DEFLECTION 

(IN.)
Y DEFLECTION 

(IN.)
RESULTANT 

DEFLECTION (IN.)

Upper Masonry Wall Loads 0 0 0 0

DEFLECTION AT SPANDREL BEAMS (1.75'x1.0')

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

Upper Masonry Wall  Loads 0 0 0 0

6.375 0 ‐0.015 0.015

12.75 0 ‐0.027 0.027

19.125 0 ‐0.015 0.015

25.5 0 0 0

Precast Panel  Loads 0 0 0 0

6.375 0 ‐0.01 0.01

12.75 0 ‐0.017 0.017

19.125 0 ‐0.01 0.01

25.5 0 0 0

Roof Masonry Wall  Loads 0 0 0 0

6 375 0 ‐0 006 0 006

Upper Masonry Wall  Loads 0 0 0 0

6.375 0 ‐0.029 0.029

12.75 0 ‐0.051 0.051

19.125 0 ‐0.029 0.029

25.5 0 0 0

Precast Panel Loads 0 0 0 0

6.375 0 ‐0.018 0.018

12.75 0 ‐0.033 0.033

19.125 0 ‐0.018 0.018

25.5 0 0 0

Roof Masonry Wall  Loads 0 0 0 0

6.375 0 ‐0.012 0.012

Upper Masonry Wall Loads 0 0 0 0

6.375 0 ‐0.043 0.043

12.75 0 ‐0.076 0.076

19.125 0 ‐0.043 0.043

25.5 0 0 0

Precast Panel  Loads 0 0 0 0

6.375 0 ‐0.027 0.027

12.75 0 ‐0.049 0.049

19.125 0 ‐0.027 0.027

25.5 0 0 0

Roof Masonry Wall Loads 0 0 0 0

6.375 0 ‐0.017 0.017
II. Structural Impact

III. Energy/Electrical Impact
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6.375 0 0.006 0.006

12.75 0 ‐0.011 0.011

19.125 0 ‐0.006 0.006

25.5 0 0 0

Precast Panel  Loads 0 0 0 0

6.375 0 ‐0.004 0.004

12.75 0 ‐0.007 0.007

19.125 0 ‐0.004 0.004

25.5 0 0 0

12.75 0 ‐0.021 0.021

19.125 0 ‐0.012 0.012

25.5 0 0 0

Precast Panel Loads 0 0 0 0

6.375 0 ‐0.007 0.007

12.75 0 ‐0.013 0.013

19.125 0 ‐0.007 0.007

25.5 0 0 0

12.75 0 ‐0.031 0.031

19.125 0 ‐0.017 0.017

25.5 0 0 0

Precast Panel  Loads 0 0 0 0

6.375 0 ‐0.011 0.011

12.75 0 ‐0.02 0.02

19.125 0 ‐0.011 0.011

25.5 0 0 0
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EXISTING SPANDREL BEAMS UNDER MASONRY WALL LOADS: EXISTING SPANDREL BEAMS UNDER PRECAST PANEL LOADS: 2’ x 1’ SPANDREL BEAMS UNDER PRECAST PANEL LOADS:

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade
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IV. ANALYSIS #3: Photovoltaic Array

I. System Design

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

36



37

EPISCOPAL HIGH SCHOOLEPISCOPAL HIGH SCHOOL
CENTENNIAL GYMNASIUMCENTENNIAL GYMNASIUM

ALEXANDRIA, VAALEXANDRIA, VA

ERIC FEDDER | CONSTRUCTION MANAGEMENTERIC FEDDER | CONSTRUCTION MANAGEMENT

ADDITIONAL INFORMATIONADDITIONAL INFORMATION
EPISCOPAL HIGH SCHOOLEPISCOPAL HIGH SCHOOL

CENTENNIAL GYMNASIUMCENTENNIAL GYMNASIUM
ALEXANDRIA, VAALEXANDRIA, VA

ERIC FEDDER | CONSTRUCTION MANAGEMENTERIC FEDDER | CONSTRUCTION MANAGEMENT

PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 

37



38

EPISCOPAL HIGH SCHOOLEPISCOPAL HIGH SCHOOL
CENTENNIAL GYMNASIUMCENTENNIAL GYMNASIUM

ALEXANDRIA, VAALEXANDRIA, VA

ERIC FEDDER | CONSTRUCTION MANAGEMENTERIC FEDDER | CONSTRUCTION MANAGEMENT

ADDITIONAL INFORMATIONADDITIONAL INFORMATION
EPISCOPAL HIGH SCHOOLEPISCOPAL HIGH SCHOOL

CENTENNIAL GYMNASIUMCENTENNIAL GYMNASIUM
ALEXANDRIA, VAALEXANDRIA, VA

ERIC FEDDER | CONSTRUCTION MANAGEMENTERIC FEDDER | CONSTRUCTION MANAGEMENT

PRESENTATION OUTLINE:PRESENTATION OUTLINE:

I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes

Retail Cost of Electricity 0.082 $/kWh from electrici typricecomparison.org/

Elec. Rate increase 1.00%
AECs Value 0.2 $/kWh

LOAN

MARKET RATES
FEASIBILITY ANALYSIS FOR PV SYSTEM ‐ CASE ONE

Retail Cost of Electricity 0.082 $/kWh from electrici typricecomparison.org/

Elec. Rate increase 1.00%
AECs Value 0.2 $/kWh

LOAN

MARKET RATES
FEASIBILITY ANALYSIS FOR PV SYSTEM ‐ CASE TWO

Retail Cost of Electricity 0.082 $/kWh from electri ci typricecompari son.org/

Elec. Rate increase 1.00%
AECs Value 0.2 $/kWh

LOAN

MARKET RATES
FEASIBILITY ANALYSIS FOR PV SYSTEM ‐ CASE THREE

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

Percentage Borrowed 0.00%
Loan Value $0.00
Interest Rate 2.00% APY

Period 25 Years

CRF 0.004238543 Capi ta l ‐Recovery Factor (CRF) = r(1+r)^n/[(1+r)^n‐1]

Monthly Payments $0.00
Total Loan cost $0.00
Cost of Capital $0.00

Federal Tax Credit 30.00% of gross  i nsta l lation cost

VA State Energy Program $20,000.00 $2000/kW up to 10kW

Size 52.5 kW DC

REBATES/INCENTIVES

SYSTEM SIZE

Percentage Borrowed 50.00%
Loan Value $147,812.50
Interest Rate 2.00% APY

Period 25 Years

CRF 0.004238543 Capi ta l ‐Recovery Factor (CRF) = r(1+r)^n/[(1+r)^n‐1]

Monthly Payments $626.51
Total Loan cost $187,952.91
Cost of Capital $40,140.41

Federal Tax Credit 30.00% of gross  i nsta l lation cost

VA State Energy Program $20,000.00 $2000/kW up to 10kW

Size 52.5 kW DC

REBATES/INCENTIVES

SYSTEM SIZE

Percentage Borrowed 100.00%
Loan Value $255,625.00
Interest Rate 2.00% APY

Period 25 Years

CRF 0.004238543 Capita l ‐Recovery Factor (CRF) = r(1+r)^n/[(1+r)^n‐1]

Monthly Payments $1,083.48
Total Loan cost $325,043.30
Cost of Capital $69,418.30

Federal Tax Credit 30.00% of gross  ins ta l l ation cost

VA State Energy Program $20,000.00 $2000/kW up to 10kW

Size 52.5 kW DC

REBATES/INCENTIVES

SYSTEM SIZE

II. Structural Impact

III. Energy/Electrical Impact
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V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 
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Cost/W $7.50 $/W

Total Cost $393,750.00
PVWatts Factor 1234 Based on 30 deg. Ti l t in 22301 at 180 deg. Azimuth

Annual AC production 64785 kWh

Monthly Savings/Rev $1,522.45 year 1

25 Year Savings/Rev $473,963.33

Up Front Expense $255,625.00
Loan Cost $0.00
Total Expense $255,625.00
25 Year Value $218,338.33

OVERALL VALUE

SAVINGS

Cost/W $7.50 $/W

Total Cost $393,750.00
PVWatts Factor 1234 Based on 30 deg. Ti l t in 22301 at 180 deg. Azimuth

Annual AC production 64785 kWh

Monthly Savings/Rev $1,522.45 year 1

25 Year Savings/Rev $473,963.33

Up Front Expense $107,812.50
Loan Cost $187,952.91
Total Expense $295,765.41
25 Year Value $178,197.92

OVERALL VALUE

SAVINGS

Cost/W $7.50 $/W

Total Cost $393,750.00
PVWatts Factor 1234 Based on 30 deg. Ti l t in 22301 at 180 deg. Azimuth

Annual AC production 64785 kWh

Monthly Savings/Rev $1,522.45 year 1

25 Year Savings/Rev $473,963.33

Up Front Expense $0.00
Loan Cost $325,043.30
Total Expense $325,043.30
25 Year Value $148,920.03

OVERALL VALUE

SAVINGS
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I. PROJECT BACKGROUND

II. ANALYSIS #1: Contract Strategies

I. Interview Outcomes

YEAR COST $/kWh SAVINGS/YR AECs TOTAL/YR
MONTHLY 
SAVINGS

CUMULATIVE 
SAVINGS

SYSTEM COST

1 0.082 $5,312.37 $12,957.00 $18,269.37 $1,522.45 $18,269.37 $325,043.30

25 YEAR FINANCIAL CALCULATIONS

II. Case Study

III. Guidelines Developed

III. ANALYSIS #2: Precast Façade

I. Design

II. Structural Impact

III. Schedule/Cost Impact

IV. Site Congestion

V. Architectural Impact

IV. ANALYSIS #3: Photovoltaic Array

I. System Design

2 0.083 $5,365.49 $12,957.00 $18,322.49 $1,526.87 $36,591.86 $325,043.30
3 0.084 $5,419.15 $12,957.00 $18,376.15 $1,531.35 $54,968.01 $325,043.30
4 0.084 $5,473.34 $12,957.00 $18,430.34 $1,535.86 $73,398.35 $325,043.30
5 0.085 $5,528.07 $12,957.00 $18,485.07 $1,540.42 $91,883.43 $325,043.30
6 0.086 $5,583.35 $12,957.00 $18,540.35 $1,545.03 $110,423.78 $325,043.30
7 0.087 $5,639.19 $12,957.00 $18,596.19 $1,549.68 $129,019.97 $325,043.30
8 0.088 $5,695.58 $12,957.00 $18,652.58 $1,554.38 $147,672.55 $325,043.30
9 0.089 $5,752.54 $12,957.00 $18,709.54 $1,559.13 $166,382.08 $325,043.30
10 0.090 $5,810.06 $12,957.00 $18,767.06 $1,563.92 $185,149.14 $325,043.30
11 0.091 $5,868.16 $12,957.00 $18,825.16 $1,568.76 $203,974.31 $325,043.30
12 0.091 $5,926.84 $12,957.00 $18,883.84 $1,573.65 $222,858.15 $325,043.30
13 0.092 $5,986.11 $12,957.00 $18,943.11 $1,578.59 $241,801.26 $325,043.30
14 0.093 $6,045.97 $12,957.00 $19,002.97 $1,583.58 $260,804.23 $325,043.30
15 0.094 $6,106.43 $12,957.00 $19,063.43 $1,588.62 $279,867.66 $325,043.30

II. Structural Impact

III. Energy/Electrical Impact

IV. Feasibility Analysis

V. LESSONS LEARNED

VI. ACKNOWLEDGEMENTS 
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16 0.095 $6,167.50 $12,957.00 $19,124.50 $1,593.71 $298,992.16 $325,043.30
17 0.096 $6,229.17 $12,957.00 $19,186.17 $1,598.85 $318,178.33 $325,043.30
18 0.097 $6,291.46 $12,957.00 $19,248.46 $1,604.04 $337,426.80 $325,043.30
19 0.098 $6,354.38 $12,957.00 $19,311.38 $1,609.28 $356,738.17 $325,043.30
20 0.099 $6,417.92 $12,957.00 $19,374.92 $1,614.58 $376,113.10 $325,043.30
21 0.100 $6,482.10 $12,957.00 $19,439.10 $1,619.93 $395,552.20 $325,043.30
22 0.101 $6,546.92 $12,957.00 $19,503.92 $1,625.33 $415,056.12 $325,043.30
23 0.102 $6,612.39 $12,957.00 $19,569.39 $1,630.78 $434,625.51 $325,043.30
24 0.103 $6,678.52 $12,957.00 $19,635.52 $1,636.29 $454,261.03 $325,043.30
25 0.104 $6,745.30 $12,957.00 $19,702.30 $1,641.86 $473,963.33 $325,043.30

$150,038.33 $323,925.00 $473,963.33TOTAL


