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00 00 00 PROCUREMENT AND CONTRACTING 
REQUIREMENTS 

 
00 01 01 Project Title Page 
 
 
Title:    UIUC 2007 SOLAR DECATHLON      

 
Date:    June 2006 – October 2007       
 
 
Construction Site:  5 East Armory St., Champaign, IL 61820      
 
 
Student Team Leaders and Contacts: 
 

Mechanical Engineering: Ben Barnes bpbarnes5290@gmail.com 
Transportation:  Bob Kinsey bkinsey2@uiuc.edu 
Industrial Design: Donna Murray Tiedge dmtiedge@uiuc.edu 
Project Manager: Jason Wheeler jason.w.wheeler@gmail.com 
Modeling:  Luis Aaron Martinez lmartin7@uiuc.edu 
Architecture: Nora Na Wang nawang2@uiuc.edu 
Communications:  Susan McKenna mckenna1@uiuc.edu 
Electrical Engineering:  Trishan Esram esram@uiuc.edu 

 
 
Faculty Advisors and Contacts: 
 
Architecture: Michael T. McCulley mmccull@ad.uiuc.edu 
Mechanical Engineering:  Ty A. Newell tynewell@uiuc.edu 
Electrical Engineering: Patrick L. Chapman plchapma@ad.uiuc.edu 
Industrial Design:  Deana McDonagh mcdonagh@uiuc.edu 
Communications: David Schejbal schejbal@ad.uiuc.edu 

 
 
 
UIUC Team Webpage:  http://www.solardecathlon.uiuc.edu/      
 
 
UIUC Team Contact:  solardecathlon@uiuc.edu       
 
 
Solar Decathlon Webpage: http://www.solardecathlon.org/       
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05 00 00 METALS 
 
 

05 50 00 METAL FABRICATIONS 
 
05 52 00 METAL RAILINGS 
 

Luna from GKD metal fabric is selected as the railing system. GKD typically supplies the fabric 
and all the hardware, as well as engineering calculations and shop drawings. The substructure for 
attachment is not included. Framed panels require the addition of a substructure for attachment and are 
most appropriate for rigid metal fabrics. Framed panels are the most appropriate attachment method for 
small panels used in applications such as handrail in-fills. The product detail and framing method are 
shown on the pages 9 and 10, respectively. 
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05 60 00 METAL STRUCTURES 
 
05 62 00 SPECIAL METAL STRUCTURAL SUPPORT SYSTEM 
 

The structural support system allows the assembly of the house on any site with no external 
power such as a diesel crane. This is achieved with a structural support system that functions not only as 
the foundation for the house, but also as the means by which the house is manufactured and transported. 
The foundation consists of 5” x 5” steel rails that are bolted to the sub-floor of each house module. Each 
module rests on a perpendicular grid of steel rails that are supported by fully adjustable jack stands. In 
between the floor mounted rails and the foundation rails are steel roller assemblies that make it possible 
to roll the individual home modules into place. Each jack stand has full adjustability for leveling the 
complete home, which accommodates the sloping landscape. The rails, rollers, and jacks were obtained 
from The Holland Group, Inc. Their specifications are given on pages 12–15. 
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08 00 00 OPENINGS 
 
 

08 10 00 DOORS AND FRAMES 
 
08 14 00 WOOD DOORS 
 
08 14 23 Aluminum-Clad Wood French Hinged Doors 
 
PART 1 GENERAL 
 
1.1 SECTION INCLUDES 
 

A. Designer Series Aluminum-clad wood French hinged doors. 
 

1.2 RELATED SECTIONS 
 

A. Section 07 27 00 - Air Barriers:  Water-resistant barrier. 

B. Section 07 92 00 - Joint Sealants:  Sealants and caulking. 

C. Section 08 71 00 - Door Hardware. 

 
1.3 REFERENCES 

 
A. American Architectural Manufacturers Association (AAMA): 

1. AAMA 502 - Voluntary Specification for Field Testing of Windows and Sliding Doors. 
2. AAMA 2603 - Voluntary Specification, Performance Requirements and Test Procedures for 

Pigmented Organic Coatings on Aluminum Extrusions and Panels. 
3. AAMA 2605 - Voluntary Specification, Performance Requirements and Test Procedures for 

Superior Performing Organic Coatings on Aluminum Extrusions and Panels. 
 

B. American Society for Testing and Materials (ASTM): 
1. ASTM B 117 - Operating Salt Spray (Fog) Apparatus. 
2. ASTM C 1036 - Flat Glass. 
3. ASTM C 1048 - Heat-Treated Flat Glass – Kind HS, Kind FT Coated and Uncoated Glass. 
4. ASTM D 1149 - Rubber Deterioration – Surface Ozone Cracking in a Chamber. 
5. ASTM D 2803 - Filiform Corrosion Resistance of Organic Coatings on Metal. 
6. ASTM D 3656 - Insect Screening and Louver Cloth Woven from Vinyl-Coated Glass Yarns. 
7. ASTM D 4060 - Abrasion Resistance of Organic Coatings by the Taber Abraser. 
8. ASTM E 283 - Rate of Air Leakage Through Exterior Windows, Curtain Walls and Doors 

Under Specified Pressure Difference Across the Specimen. 
9. ASTM E 330 - Structural Performance of Exterior Windows, Curtain Walls and Doors by 

Uniform Static Air Pressure Difference. 
10. ASTM E 547 - Water Penetration of Exterior Windows, Curtain Walls and Doors by Cyclic 

Static Air Pressure Differential. 
11. ASTM G 85 - Modified Salt Spray (Fog) Testing. 

 
C. Window and Door Manufacturers Association (WDMA): 

1. ANSI/AAMA/NWWDA 101/I.S.2 - Voluntary Specifications for Aluminum, Vinyl (PVC) and 
Wood Windows and Glass Doors. 

2. ANSI/AAMA/NWWDA 101/I.S.2/NAFS-02 - Voluntary Performance Specification for 
Windows, Skylights and Glass Doors. 
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3. WDMA I.S.4 - Industry Standard for Water-Repellent Preservative Non-Pressure Treatment 
for Millwork. 

 
 
1.4 PERFORMANCE REQUIREMENTS 
 

A. Doors shall be Hallmark certified to a rating of HGD – R 24 specifications in accordance with 
ANSI/AAMA/NWWDA I.S.2. 

 
B. Door Unit Air Leakage, ASTM E 283, 1.57 psf (25 mph):  0.15 cfm per square foot of frame or 

less. 
 

C. Door Unit Water Penetration:  No water penetration through door unit when tested in accordance 
with ASTM E 547, under static pressure of 0 psf (0 mph) after 4 cycles of 5 minutes each, with 
water being applied at a rate of 5 gallons per hour per square foot. 

 
 
1.5 SUBMITTALS 
 

A. Comply with Division 1 requirements. 
 

B. Product Data:  Submit manufacturer's product data, including installation instructions. 
 
 C. Warranty:  Submit manufacturer’s standard warranty. 
 
 
1.6 QUALITY ASSURANCE 
 

A. Mockup: 
1. Provide sample installation for field testing door performance requirements and to 

determine acceptability of door installation methods. 
 
2. Approved mockup shall represent minimum quality required for the Work. 

 
3. Approved mockup shall remain in place within the Work. 

 
 
1.7 DELIVERY, STORAGE, AND HANDLING 
 

A. Delivery:  Deliver materials to site undamaged in manufacturer's or sales branch's original, 
unopened containers and packaging, with labels clearly identifying manufacturer and product 
name.  Include installation instructions. 

 
B. Storage:  Store materials in an upright position, off ground, under cover, and protected from 

weather, direct sunlight, and construction activities. 
 

C. Handling:  Protect materials and finish during handling and installation to prevent damage. 
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PART 2 PRODUCTS 
 
2.1 MANUFACTURER 
 
    A. Pella Corporation, 102 Main Street, Pella, Iowa 50219.  Toll Free (800) 54-PELLA.  Phone (641) 

621-1000.  Website www.pella.com. 
 
 
2.2 ALUMINUM-CLAD WOOD FRENCH HINGED DOORS 
 

A. Aluminum-Clad Wood Out-swing French Doors:  Designer Series factory-assembled aluminum-
clad wood French doors with outward swing door panels installed in frame. 

 
   B. Frame: 

1. Select woods, water-repellent, preservative-treated in accordance with WDMA I.S.4. 
2. Interior Exposed Surfaces:  Clear pine, veneered and edge-banded with no visible fastener 

holes.  
3. Exterior Surfaces:  Clad with aluminum at head and jambs. 
4. Sill:  1/2-inch low-profile extruded aluminum with bronze anodized finish. 
5. Overall Frame Depth:  5-7/8 inches (149 mm). 

 
   C. Door Panel: 

1. Select softwood, water-repellent, preservative-treated in accordance with WDMA I.S.4. 
2. Panels:  Three-ply construction.  Randomly finger-jointed blocks laminated with water-

resistant glue. 
3. Interior Exposed Surfaces:  Clear pine with no visible fastener holes. 
4. Exterior Surfaces:  Clad with aluminum. 
5. Corners:  Urethane sealed and secured with metal fasteners. 
6. Panel Thickness:  2-1/16 inches (52 mm). 
 

D. Weather Strip: Panel-mounted, dual-durometer extruded polymer one-piece design with welded 
corners. 

 
 
2.3 GLAZING 
 
   A. Glazing: 

1. Float Glass:  ASTM C 1036, Quality 1. 
 a. Tempered Glass:  ASTM C 1048. 
 
2. Type: 

a. Triple-Pane Glazing System:  5/8-inch, fully tempered, dual-seal insulating glass, 
polyurethane reactive hot melt (PUR) glazed argon-filled multi-layer, Low-E coated.  
Interior-hinged glass panel Low-E. 

 
 
2.4 OPTIONS 

 
A. Cellular Fabric Shades: 

1. Spun-bond polyethylene terephthalate (PET) cellular fabric, 0.687 inch wide, hidden 
polyester cord. 

2. Installed in Designer glazing systems between panels of glass. 
3. [Raise and Lower]  [Top-Down] type, operated with cordless operator. 
4. Controlled by built-in operating mechanism. 
5. Type:  Snap-in/snap-out, attached to top of hinged-glass panel. 
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6. Color:  Almond. 
 
 
2.5 HARDWARE 
 

A. Handles: 
1. Solid brass on interior and exterior. 
2. Interior thumb-turn. 
3. Schlage configured “C-K” keyway pinlock cylinder on exterior. 
4. Finish:  Endura Hardware Collection satin nickel. 

 
B. Locking System: 

1. Mortised and keyed multi-point locking system. 
2. 1-inch center dead bolt and shoot-bolts at head and sill shall engage simultaneously. 

 
C. Hinges: 

1. Corrosion-resistant leaves with wear-resistant hinge bushings and stainless steel pin and 
decorative cap. 

2. Doors with Frame Heights 7’ 0” and Under:  3 hinges. 
3. Doors with Frame Heights Greater than 7’ 0”:  4 hinges. 
4. Finish: 
 a. Out-Swing Doors:  Match exterior door cladding. 

 
 
2.6 TOLERANCES 
 

A. Doors shall accommodate the following opening tolerances: 
1. Vertical Dimensions Between High and Low Points:  Plus 1/8 inch, minus 0 inch. 
2. Width Dimensions:  Plus 1/8 inch, minus 0 inch. 
3. Building Columns or Masonry Openings:  Plus or minus 1/8 inch from plumb. 

 
 
2.7 FINISH 
 

A. Exterior Finish System:  Pella EnduraClad. 
1. Exterior aluminum surfaces shall be finished with the following multi-stage system: 

a. Clean and etch aluminum surface of oxides. 
b. Pre-treat with chrome phosphate conversion coating. 
c. Pre-treat with chromic acid sealer/rinse. 
d. Top coat with baked-on polyester enamel. 

2. Color:  Pella Brown. 
3. Performance Requirements:  Exterior aluminum finishes shall meet or exceed the following 

performance requirements of AAMA 2605: 
a. Dry Film Hardness:  Eagle Turquoise Pencil, F minimum. 
b. Film Adhesion:  1/16-inch crosshatch, dry, wet, boiling water. 
c. Impact Resistance:  1/10-inch distortion, no film removal. 
d. Abrasion Resistance:  Falling sand coefficient value of 20 minimum. 
e. Chemical Resistance:  10 percent Muriatic acid, 15 minutes.  Mortar pat test, 24 

hours. 
f. Detergent Resistance:  3 percent at 100 degrees F, 72 hours. 
g. Corrosion Resistance:  Humidity, 3,000 hours.  Salt spray exceeds 3,000 hours. 

 
B. Exterior Finish System Performance Requirements:  Pella EnduraClad. 

1. Exterior aluminum finishes shall meet or exceed following performance requirements: 
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a. Ozone Deterioration, ASTM D 1149, Modified:  5 ppm ozone, 160 degrees F, 60 
percent relative humidity, 100 hours exposure, little or no loss of cure. 

b. Filiform Corrosion Resistance of Organic Coatings on Metal, ASTM D 2803:  No 
corrosion. 

c. Taber Abrasion Resistance, ASTM D 4060:  500 g weight, CS-10 wheel, 500 cycles, 
less than 25 g weight loss. 

d. Cyclic Acidified Salt Fog Test, ASTM G 85, Appendix A-2. 
 

C. Interior Finish:  Unfinished, ready for site finishing. 
 

 
2.8 INSTALLATION ACCESSORIES 
 

A. Flashing/Sealant Tape:  Pella SmartFlash or Equivalent. 
1. Aluminum-foil-backed butyl window and door flashing tape. 
2. Maximum Total Thickness:  0.013 inch. 
3. UV resistant. 
4. Verify sealant compatibility with sealant manufacturer. 

 
B. Insulating-Foam Sealant:  Dow Great Stuff Window & Door. 

1. Low-pressure, polyurethane window and door insulating-foam sealant. 
 
 
PART 3 EXECUTION 
 
3.1 EXAMINATION 
 

A. Examine areas to receive doors.  Notify Architect of conditions that would adversely affect 
installation or subsequent use.  Do not proceed with installation until unsatisfactory conditions are 
corrected. 

 
 
3.2 INSTALLATION 

A. Install doors in accordance with manufacturer's instructions and approved shop drawings. 

B. Install doors to be weather-tight and freely operating. 

C. Maintain alignment with adjacent work. 

D. Secure assembly to framed openings, plumb and square, without distortion. 

E. Integrate door system installation with exterior water-resistant barrier using flashing/sealant tape. 
Apply and integrate flashing/sealant tape with water-resistant barrier using watershed principles 
in accordance with door manufacturer's instructions. 

F. Place interior seal around door perimeter to maintain continuity of building thermal and air barrier 
using insulating-foam sealant. 

G. Seal door to exterior wall cladding with sealant and related backing materials at perimeter of 
assembly. 

H. Leave doors closed and locked with shoot bolts extended. 
 
3.3 FIELD QUALITY CONTROL 

 
A. Field Testing: Field-test windows in accordance with AAMA 502, Test Method A.  

Manufacturer’s representative shall be present. 
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3.4 CLEANING 
 

A. Clean door frames and glass in accordance with Division 1 requirements. 
 

B. Do not use harsh cleaning materials or methods that would damage finish. 
 

C. Remove labels and visible markings. 
 
3.5 PROTECTION 
 

A. Protect installed doors to ensure that, except for normal weathering, doors will be without damage 
or deterioration at time of substantial completion. 
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08 30 00 SPECIALTY DOORS AND FRAMES 
 
08 32 00 SLIDING GLASS DOORS 
 
08 32 19 Sliding Wood-Framed Glass Doors 
 

The SLIDE from 3form® is a wall mounted sliding panel assembly. With the unique patent 
pending eccentric standoff roller, the system introduces fine-tune adjusting, minimalist looks and refined 
design to the traditional barn door concept. With the top of the panel securely fastened to the top track, 
the bottom edge can either be contained with a recessed bottom roller, recessed floor track, or additional 
wall mount track and rollers. With these options and supporting 1/2" (12 mm) panels up to 4' x 8', the 
system can be customized for a variety of openings. In this case, single pane adjacent wall opening from 
Kit B is selected. See pages 23 to 32 for full descriptions, illustrations, and diagrams for installation.  
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08 50 00 WINDOWS 
 
08 54 00 FIBERGLASS WINDOWS 
 
08 54 13 Fiberglass Fixed Frame Windows 
 
 
PART 1 GENERAL 
 
1.1 SECTION INCLUDES 
 

A. Fiberglass fixed frame windows. 
 
 
1.2 RELATED SECTIONS 

 
A. Section 07 27 00 - Air Barriers:  Water-resistant barrier. 
 
B. Section 07 92 00 - Joint Sealants:  Sealants and caulking. 
 

 
1.3 REFERENCES 
 

A. American Architectural Manufacturers Association (AAMA): 
1. AAMA 502 - Voluntary Specification for Field Testing of Windows and Sliding Doors. 
2. AAMA 613 - Voluntary Performance Requirements and Test Procedures for Organic 

Coatings on Plastic Profiles. 
 

B. American Society for Testing and Materials (ASTM): 
1. ASTM C 1036 - Flat Glass. 
2. ASTM C 1048 - Heat-Treated Flat Glass--Kind HS, Kind FT Coated and Uncoated Glass. 
3. ASTM E 283 - Rate of Air Leakage Through Exterior Windows, Curtain Walls and Doors 

Under Specified Pressure Difference Across the Specimen. 
4. ASTM E 547 - Water Penetration of Exterior Windows, Curtain Walls and Doors by Cyclic 

Static Air Pressure Differential. 
 

C. Window and Door Manufacturers Association (WDMA): 
1. ANSI/AAMA/NWWDA 101/I.S.2 - Voluntary Specifications for Aluminum, Vinyl (PVC) and 

Wood Windows and Glass Doors. 
 
 
1.4 PERFORMANCE REQUIREMENTS 
 

A. Windows shall meet Rating F-R 22 specifications in accordance with ANSI/AAMA/NWWDA 
101/I.S.2. 

 
B. Window Air Leakage, ASTM E 283:  Window air leakage when tested at 1.57 psf (25 mph) shall 

be 0.25 cfm/ft2 of frame or less. 
 

C. Window Water Penetration, ASTM E 547:  No water penetration through window when tested 
under static pressure of 4.5 psf (42 mph) after 4 cycles of 5 minutes each, with water being 
applied at a rate of 5 gallons per hour per square foot. 
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1.5 SUBMITTALS 
 

A. Submit in accordance with Division 1 requirements. 
 

B. Product Data:  Submit manufacturer's product data, including installation instructions. 
 
 
1.6 QUALITY ASSURANCE 
 

A. Mockup: 
1. Provide sample installation for field testing window performance requirements and to 

determine acceptability of window installation methods. 
2. Approved mockup shall represent minimum quality required for the Work. 
3. Approved mockup shall remain in place within the Work. 

 
 
1.7 DELIVERY, STORAGE, AND HANDLING 
 

A. Delivery:  Deliver materials to site undamaged in manufacturer's or sales branch's original, 
unopened containers and packaging, with labels clearly identifying manufacturer and product 
name.  Include installation instructions. 

 
B. Storage: 

1. Store materials in accordance with manufacturer's instructions. 
2. Store materials off ground and under cover. 
3. Protect materials from weather, direct sunlight, and construction activities. 

 
C. Handling:  Protect materials and finish during handling and installation to prevent damage. 

 
 
PART 2 PRODUCTS 
 
2.1 MANUFACTURER 
 

A. Pella Corporation, 102 Main Street, Pella, Iowa 50219.  Toll Free (800) 54-PELLA.  Phone (641) 
621-1000.  Website www.pella.com. 

 
 
2.2 FIBERGLASS FIXED FRAME WINDOWS 
 

A. Fixed Frame Windows:  Pella Impervia. 
1. Factory-assembled fixed frame window. 
2. Frame Material:  Duracast.  5-layer, pultruded-fiberglass material, reinforced with 

interlocking mat. 
B. Frame: 

1. Type:  Block frame. 
2. Overall Frame Depth:  3 inches. 
3. Nominal Wall Thickness of Fiberglass Members:  0.050 inch to 0.080 inch. 
4. Frame Corners: 

a. Mitered. 
b. Joined and bonded with thermoset polyurethane adhesive, nylon corner lock, and 

mechanically fastened. 
5. Frame can be installed with glazing stop on interior or exterior (unit can be flipped to install 

in either direction). 
C. Glazing: 
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1. Float Glass:  ASTM C 1036, Quality 1. 
 
 

 a. Tempered Glass:  ASTM C 1048. Used in all 12054 and 54120 Windows. 
2. Type:  Polyurethane reactive (PUR) hot-melt glazed, 1-inch thick, insulating glass, argon-

filled Low-E2 tempered. 
 
 
2.3 TOLERANCES 
 

A. Windows shall accommodate the following opening tolerances: 
1. Vertical Dimensions Between High and Low Points:  Plus 1/4-inch, minus 0 inch. 
2. Width Dimensions:  Plus 1/4-inch, minus 0 inch. 
3. Building Columns or Masonry Openings:  Plus or minus 1/4-inch from plumb. 

 
 
2.4 FINISH 
 

A. Exterior and Interior Duracast Finish:  Factory-applied powder-coat paint, comply with AAMA 613. 
1. Color:  Brown. 

 
 
2.5 INSTALLATION ACCESSORIES 
 

A. Flashing/Sealant Tape:  Pella SmartFlash. 
1. Aluminum-foil-backed butyl window and door flashing tape. 
2. Maximum Total Thickness:  0.013 inch. 
3. UV resistant. 
4. Verify sealant compatibility with sealant manufacturer. 
 

B. Exterior Perimeter Sealant: Geocel Proflex Tripolymer Sealant. 
 

C. Insulating-Foam Sealant:  Dow Chemical Great Stuff Window and Door Insulating Foam Sealant. 
 1. Low-pressure, polyurethane window and door insulating-foam sealant. 

 
D. Block Frame Installation Accessories:  Vinyl installation fin. 
 

 
PART 3 EXECUTION 
 
3.1 EXAMINATION 
 

A. Examine areas to receive windows.  Notify Architect of conditions that would adversely affect 
installation or subsequent use.  Do not proceed with installation until unsatisfactory conditions are 
corrected. 

 
 
3.2 INSTALLATION 
 

A. Install windows in accordance with manufacturer's instructions. 
 

B. Install windows to be weather-tight. 
 

C. Maintain alignment with adjacent work. 
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D. Secure assembly to framed openings, plumb and square, without distortion. 

 
E. Integrate window system installation with exterior water-resistant barrier using flashing/sealant 

tape.  Apply and integrate flashing/sealant tape with water-resistant barrier using watershed 
principles in accordance with window manufacturer's instructions. 

 
F. Place interior seal around window perimeter to maintain continuity of building thermal and air 

barrier using insulating foam sealant. 
 

G. Seal window to exterior wall cladding with sealant and related backing materials at perimeter of 
assembly. 

 
 
3.3 CLEANING 
 

A. Clean window frames and glass in accordance with Division 1 requirements. 
 

B. Do not use harsh cleaning materials or methods that would damage finish or glass. 
 

C. Remove labels and visible markings. 
 

 
3.4 PROTECTION 
 
A. Protect installed windows to ensure that, except for normal weathering, windows will be without 
damage or deterioration at time of substantial completion. 
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09 00 00 FINISHES 
 
 

09 30 00 TILING 
 
09 30 13 Ceramic Tiling 
 

Since Oceanside Glasstile uses up to 85% recycled glass in some of their products, it has been 
specified for the bathroom. More details about the Oceanside Glasstile can be found on the following 
pages. 
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09 60 00 FLOORING 
 
09 62 00 SPECIALTY FLOORING 
 
09 62 23 Bamboo Flooring 
 

Bamboo is a fast-growing plant, acting more like a grass than like a tree. Therefore, bamboo is 
very sustainable, aesthetically pleasing, durable, resistant to liquid and stains, and warp resistant. All this 
makes it an ideal flooring material. More details can be found on the following pages. 
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09 90 00 PAINTING AND COATING 
 
09 91 00 PAINTING 
 
09 91 23 Interior Painting 
 

AFM Safecoat is the leading provider of environmentally responsible, sustainable, and non-
polluting paints, stains, wood finishes, sealers, and related green building products. More details can be 
found on the following pages. Its MSDS can be found on pages 60 to 61. 
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11 00 00 EQUIPMENT 
 
 

11 30 00 RESIDENTIAL EQUIPMENT 
 
11 31 00 RESIDENTIAL APPLIANCES 
 
11 31 13 Residential Kitchen Appliances 
 
11 31 13.03 Refrigerator 
 

The refrigerator will be based off of a Whirlpool Model GB9SHDXPS and will be modified as 
follows:a 
 ● Separate fresh food and freezer compartments 
 ● Provide custom refrigeration loop using Embraco compressor 
 
Description of system: 
 

The refrigerator will have an additional refrigeration loop installed to handle only fresh food loads. 
This will essentially be the entire loop from an Amana Easy Reach™ Plus Model ABB2222FES. Before 
installation, the duct between the freezer and fresh-food compartment will be closed off to prohibit airflow. 
Both systems can then be optimized to their operating temperatures. 
 
Refrigeration Circuit Diagram: 
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Table of Components: 
 

Item Description
Physical 
Characteristics

Safe Working Pressure / 
Temperature at which 
SWP applies Source of Data

Piping to connect 
components 3/8" ACR Soft Copper Tube OD = 3/8" 

ID = 0.311" 787 PSI / 250 °F
http://www.copper.org/reso
urces/pub_list/pdf/copper_t

ube_handbook.pdf

Piping to connect 
components 1/4" ACR Copper Tube OD = 1/4" 

ID = 0.19" 1125 PSI / 250 °F
http://www.copper.org/reso
urces/pub_list/pdf/copper_t

ube_handbook.pdf
T, Reducer, Union-Cross 
and Elbow where open 
flame is permissible.

Forged Pipe fittings with 
BCuP-2, 3, 4 or 5 brazing 

metal.

Melting Ranges 
within 1300 °F 
and 1550 °F

Meet or exceed tube 
strength

http://www.copper.org/reso
urces/pub_list/pdf/copper_t

ube_handbook.pdf
Joining 1/4" ACR Copper 
Tube to Wire-and-Tube 

Condenser

1/4" - 3/16" Brass Swagelok 
Compression Fittings

ID = 3/16" 
ID = 1/4" 800 PSI / 200 °F

http://www.swagelok.com/d
ownloads/webcatalogs/EN/

MS-01-107.PDF

Compressor Embraco 134a EMI 
Compressor 275-710 BTU/hr N/A www.embraco.com

PC
Swagelok Relief Valve

Product no. SS-4R3A.  Set at 
400 PSI.

ID = 1/4"
ID = 1/4" 50-6000 psi set pressure

http://www.swagelok.com/s
earch/product_detail.aspx?

part=SS-4R3A

XV-3 Swagelok Metering Valve
Product Number SS-31RS4-G 

ID = 1/4"
ID = 1/4" 5000 PSI www.swagelok.com

COND-3
Wire and tube condenser 
from Amana Refrigerator 

Model ABB2222FES

OD = 3/16"
OD = 3/16"

N/A - Using in exact 
same application N/A

EVAP-3
Evaporator from Amana 

Refrigerator Model 
ABB2222FES

OD = 1/4"
OD = 1/4"

N/A - Using in exact 
same application N/A

SLHX-3
 Two 7.5 ft.  Lengths of 1/4" 

copper tube soldered together 
and insulated.

OD = 1/4" 
ID = 0.19" 1125 PSI / 250 °F

http://www.copper.org/reso
urces/pub_list/pdf/copper_t

ube_handbook.pdf

TC Compressor is internally 
thermall protected N/A N/A www.embraco.com

 
 
 
 The installation manual for the refrigerator is given on the following pages. 
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BRIEF DESCRIPTION OF MODIFICATIONS TO REFRIGERATOR INSTALLATION INSTRUCTIONS: 
 

The refrigerator will be modified to have pull-out drawers that could cause the entire appliance, if 
unsecured, to tip forward. It will therefore be necessary to lag-bolt the provided brackets to studs. 
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11 31 13.04 Water Heater 
 
Overview: 
 

● Do not connect electric resistance element 
 ● Supply circulation pump and CO2 air-source heat pump to heat water 
 ● Use Thermostat intended to control electric resistance element to switch on heat pump  
 
Description of Heat pump: 
 

The water heater heat pump uses CO2 as its refrigerant. All components are specified to 
withstand the higher pressures encountered in a CO2 system. High side system pressure will not 
exceed 1500 PSI by virtue of both a relief valve set at 1500 PSI and a temperature cutoff at 200 °F.  

 
Airflow over Evaporator will be supplied by the fan and housing assembly from a Whirlpool 

ACD052PS Window Unit Air Conditioner. 
 

Circulation pump, fan and compressor will all be controller by the bimetallic thermostat 
supplied with the Richmond Electric Water heater. 
 
Refrigeration Circuit of CO2 Water Heater: 
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Table of Components: 
 

Item Description
Physical 
Characteristics

Safe Working Pressure / 
Temperature at which 
SWP applies Source of Data

Piping to connect 
components and TXV 

pressure line
1/4" Copper Tube OD = 1/4" 

ID = 0.12"

3220 PSI / 70 °F
0.8 Temperature Derate 

factor for 200 °F => 2576 
PSI

www.mcmaster.com 
Product Number 8955K231

T, Reducer, Union-Cross 
and Elbow where open 
flame is permissible.

Forged Pipe fittings with BCuP-
2, 3, 4 or 5 brazing copper to 

copper and 54% silver for 
copper to steel.

Melting Ranges 
within 1300 °F and 

1550 °F

Meet or exceed tube 
strength

http://www.copper.org/reso
urces/pub_list/pdf/copper_t

ube_handbook.pdf

T, Reducer, Union-Cross 
and Elbow where open 
flame is permissible.

Swagelok compression fittings 
(3/8"-1/4" reducer union, 3/8"-
3/8" union, elbow and cross 

union)

ID = 3/8" 
ID = 1/4" 2800 PSI / 200 °F

http://www.swagelok.com/d
ownloads/webcatalogs/EN/

MS-01-107.PDF

GC-1
Modine CO2 Water Heating 

Heat Exchanger * 2459 / 250 °F *

Compressor
Danfoss CO2 compressor.  
Model Number TN1416

MBP
2600 kW capcity 1740 PSI See Below

PC Swagelok Relief Valve
Product no. SS-4R3A

ID = 1/4"
ID = 1/4"

50-6000 psi set pressure.
Set to 1500 PSI

http://www.swagelok.com/s
earch/product_detail.aspx?

part=SS-4R3A

TC Temperature cutoff switch.  
Integral to compressor. N/A N/A N/A

SLHX-1
 Two 17 ft.  Lengths of 1/4" 

copper tube soldered together 
and insulated.

OD = 1/4" 
ID = 0.12"

3220 PSI / 70 °F
0.8 Temperature Derate 

factor for 200 °F => 2576 
PSI

www.mcmaster.com 
Product Number 8955K231

SO-1 Swagelok Shutoff Valve
Product Number SS-43S4

ID = 1/4"
ID = 1/4" 1500 PSI www.swagelok.com

XV-1 Swagelok Metering Valve
Product Number SS-31RS4-G 

ID = 1/4"
ID = 1/4" 5000 PSI www.swagelok.com

EVAP-1 Modine CO2 Evaporator Special Fittings ** **

Richmond Water Heater 19.9 Gallon Richmond Electric 
Water Heater

Insulated Steel 
Tank with Electric 

Element and 
Bimetalic 

thermostat

N/A N/A

CP-1
Circulation Pump
March Mfg Inc.

AC-3C-MD

Out - 1/2" Male 
NPT

In - 3/4" Female 
NPT

N/A http://www.marchpump.co
m/

CV-1 Check Valve 1" FPT
1" FPT N/A N/A

 
 
NOTE: Modine has allowed our team to use their prototype water-heating heat exchanger. The 1/8 
tube that contains the refrigerant has a rated pressure of 2459 PSI at 250°F, higher than the 
temperature cutoff switch will allow. Additionally, the water portion is separated by two walls of 
copper so that any burst from the refrigerant pipe will result in dissipation of the refrigerant, not 
mixture with potable water. 
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NOTE: Modine developed this air-to-refrigerant heat exchanger specifically for CO2 applications and it is 
rated to CO2 pressures. It is built largely with micro-channel aluminum, which can withstand pressures 
much larger than the set point of the relief valve. It will also, like all other components, be subject to a 
pressure test before use. 
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11 31 13.05 Dishwasher 
 
The dishwasher will be based off of a Fisher&Paykel Dishdrawer Model DD603B and will be modified as 
follows: 
 ● Do not run hot water line 
 ● Remove electric resistance heater 
 ● Remove lower drawer and replace with CO2 air-source heat pump to heat water 
 ● The original data sheets are included at the end of this section for reference 
 
Description of Heat Pump: 
 
The dishwasher will contain a single-pass CO2 heat pump water heater. When the dishwasher calls 
for hot water, the heat pump and fan will be switched on to begin the heating process. 
 
Airflow over Evaporator will be supplied by the fan and housing assembly a Whirlpool ACD052PS 
Window Unit Air Conditioner. 
 
Refrigeration Circuit of CO2 Water Heater: 
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Table of Components: 
 

Item Description
Physical 
Characteristics

Safe Working Pressure / 
Temperature at which 
SWP applies Source of Data

Piping to connect 
components and TXV 

pressure line
1/4" Copper Tube OD = 1/4" 

ID = 0.12"

3220 PSI / 70 °F
0.8 Temperature Derate 

factor for 200 °F => 2576 
PSI

www.mcmaster.com 
Product Number 8955K231

T, Reducer, Union-Cross 
and Elbow where open 
flame is permissible.

Forged Pipe fittings with BCuP-
2, 3, 4 or 5 brazing copper to 

copper and 54% silver for 
copper to steel.

Melting Ranges 
within 1300 °F and 

1550 °F

Meet or exceed tube 
strength

http://www.copper.org/reso
urces/pub_list/pdf/copper_t

ube_handbook.pdf

T, Reducer, Union-Cross 
and Elbow where open 
flame is permissible.

Swagelok compression fittings 
(3/8"-1/4" reducer union, 3/8"-
3/8" union, elbow and cross 

union)

ID = 3/8" 
ID = 1/4" 2800 PSI / 200 °F

http://www.swagelok.com/d
ownloads/webcatalogs/EN/

MS-01-107.PDF

GC-2 Custom Tube-in-Tube Heat 
Exchanger *** 2576 PSI / 200 °F www.mcmaster.com 

Product Number 8955K231

Compressor
Danfoss CO2 compressor.  
Model Number TN1416

MBP
2600 kW capcity 1740 PSI See Below

PC Swagelok Relief Valve
Product no. SS-4R3A

ID = 1/4"
ID = 1/4"

50-6000 psi set pressure.
Set to 1500 PSI

http://www.swagelok.com/s
earch/product_detail.aspx?

part=SS-4R3A

TC Temperature cutoff switch.  
Integral to compressor. N/A N/A N/A

SLHX-2
 Two 17 ft.  Lengths of 1/4" 

copper tube soldered together 
and insulated.

OD = 1/4" 
ID = 0.12"

3220 PSI / 70 °F
0.8 Temperature Derate 

factor for 200 °F => 2576 
PSI

www.mcmaster.com 
Product Number 8955K231

SO-2 Swagelok Shutoff Valve
Product Number SS-43S4

ID = 1/4"
ID = 1/4" 1500 PSI www.swagelok.com

XV-2 Swagelok Metering Valve
Product Number SS-31RS4-G 

ID = 1/4"
ID = 1/4" 5000 PSI www.swagelok.com

EVAP-2 Modine CO2 Evaporator Special Fittings ** **

CV-2 Check Valve 1" FPT
1" FPT N/A N/A

 
 
NOTE: Refrigerant-to-water heat exchangers for the dishwasher and clothes washer will be constructed 
by using the Swagelok fittings indicated to assemble a tube-in-tube setup that consists of a flexible PVC 
tube surrounding the ¼” pressure rated copper pipe. The PVC tube will be braided-reinforced and be 
temperature rated up to 200°F (McMaster part number 55425K33). The portion of ¼” copper surrounded 
by the flexible tube will contain no fittings of any sort to minimize risk of water contamination. If Modine is 
able to supply our team with more of its specialized CO2 refrigerant-to-water heat exchangers, these will 
be substituted. See illustration: 

 
 
 
 The installation manual for the dishwasher is given on the following pages: 
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BRIEF DESCRIPTION OF MODIFICATIONS TO DISHWASHER INSTALLATION INSTRUCTIONS: 
Do not install the hot water line. 
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11 31 13.03 Dehumidifier 
 

A whirlpool AD50DSS model dehumidifier will be used to condition the latent portion of the 
house. The appliance is kept in “full on” mode and controlled by the methods detailed in Section 23 09 00. 
The datasheet for the dehumidifier is given on the following page. 
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11 31 13.07 Range 
 
The Whirlpool model GR7743LXS range is a combination cooktop-oven with electric resistance 

elements and a convection oven. If it is determined that the range draws significant standby power, it will 
be equipped with a cutoff switch outlet. 

 
The datasheet and installation manual for the range are given on the following pages. 
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11 31 13.09 Microwave 
 

The Whirlpool model MH3184XP microwave has “family capacity” and will include ventilation 
capabilities. 

 
The datasheet and installation manual for the microwave are given on the following pages. 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 102 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 103 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 104 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 105 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 106 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 107 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 108 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 109 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 110 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 111 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 112 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 113 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 114 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 115 

11 31 23 Residential Laundry Appliances 
 
11 31 23.03 Clothes Washer 
 
Overview: 
 

● The clothes washer was based off of Whirlpool Model GHW9400P 
● Do not run hot water line 

 ● Remove electric resistance heater 
 ● Supply CO2 air-source heat pump to heat water 

● The original data sheets are included at the end of this section for reference 
 
Description of Heat Pump Water Heater: 
 

The Clothes Washer will be provided with its own, single-pass heat pump water heater to sit 
directly behind appliance. A wash cycle will begin by turning on the heat pump water heater and allowing 
the washer to fill at a lower rate than normal. The “normal” wash cycle will then be engaged. 
 

Airflow over Evaporator will be supplied by the fan and housing assembly a Whirlpool ACD052PS 
Window Unit Air Conditioner. 
 
Refrigeration Circuit of CO2 Water Heater: 
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Table of Components: 
 

Item Description
Physical 
Characteristics

Safe Working Pressure / 
Temperature at which 
SWP applies Source of Data

Piping to connect 
components and TXV 

pressure line
1/4" Copper Tube OD = 1/4" 

ID = 0.12"

3220 PSI / 70 °F
0.8 Temperature Derate 

factor for 200 °F => 2576 
PSI

www.mcmaster.com 
Product Number 8955K231

T, Reducer, Union-Cross 
and Elbow where open 
flame is permissible.

Forged Pipe fittings with BCuP-
2, 3, 4 or 5 brazing copper to 

copper and 54% silver for 
copper to steel.

Melting Ranges 
within 1300 °F and 

1550 °F

Meet or exceed tube 
strength

http://www.copper.org/reso
urces/pub_list/pdf/copper_t

ube_handbook.pdf

T, Reducer, Union-Cross 
and Elbow where open 
flame is permissible.

Swagelok compression fittings 
(3/8"-1/4" reducer union, 3/8"-
3/8" union, elbow and cross 

union)

ID = 3/8" 
ID = 1/4" 2800 PSI / 200 °F

http://www.swagelok.com/d
ownloads/webcatalogs/EN/

MS-01-107.PDF

GC-2 Custom Tube-in-Tube Heat 
Exchanger **** 2576 PSI / 200 °F www.mcmaster.com 

Product Number 8955K231

Compressor
Danfoss CO2 compressor.  
Model Number TN1416

MBP
2600 kW capcity 1740 PSI See Below

PC Swagelok Relief Valve
Product no. SS-4R3A

ID = 1/4"
ID = 1/4"

50-6000 psi set pressure.
Set to 1500 PSI

http://www.swagelok.com/s
earch/product_detail.aspx?

part=SS-4R3A

TC Temperature cutoff switch.  
Integral to compressor. N/A N/A N/A

SLHX-2
 Two 17 ft.  Lengths of 1/4" 

copper tube soldered together 
and insulated.

OD = 1/4" 
ID = 0.12"

3220 PSI / 70 °F
0.8 Temperature Derate 

factor for 200 °F => 2576 
PSI

www.mcmaster.com 
Product Number 8955K231

SO-2 Swagelok Shutoff Valve
Product Number SS-43S4

ID = 1/4"
ID = 1/4" 1500 PSI www.swagelok.com

XV-2 Swagelok Metering Valve
Product Number SS-31RS4-G 

ID = 1/4"
ID = 1/4" 5000 PSI www.swagelok.com

EVAP-2 Modine CO2 Evaporator Special Fittings ** **

CV-2 Check Valve 1" FPT
1" FPT N/A N/A

 
 
NOTE: Refrigerant-to-water heat exchangers for the dishwasher and clothes washer will be constructed 
by using the Swagelok fittings indicated to assemble a tube-in-tube setup that consists of a flexible PVC 
tube surrounding the ¼” pressure rated copper pipe. The PVC tube will be braided-reinforced and be 
temperature rated up to 200°F (McMaster part number 55425K33). The portion of ¼” copper surrounded 
by the flexible tube will contain no fittings of any sort to minimize risk of water contamination. If Modine is 
able to supply our team with more of its specialized CO2 refrigerant-to-water heat exchangers, these will 
be substituted. See illustration: 

 
 

The datasheet of the clothes washer is given on the following page. 
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11 31 23.05 Clothes Dryer 
 
Overview: 
 

● Whirlpool Model GEW9250P 
● Datasheet is include on next page. 
● No modifications will take place. 
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12 00 00 FURNISHINGS 
 
 

12 50 00 FURNITURE 
 
12 58 00 RESIDENTIAL FURNITURE 
 
12 58 16 Residential Chairs 
 

The desk chair, the Mirra Chair, was designed by Jerome Caruso, a UIUC alumnus, and is 
produced by Herman Miller, a company that believes environmental advocacy is part of our heritage and 
a responsibility they gladly bear for future generations. The Mirra Chair was awarded a Gold Cradle to 
Cradle certification by (McDonough Braungart Design Chemistry) MBDC. 

 
 ● The Mirra chair is up to 96% recyclable at the end of its useful life. 
 ● The Mirra is composed of 42% recycled materials. 
 
More details can be found on the following pages. 
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12 58 19 Dining Tables and Chairs 
 

The dining chair, the Caper Chair, was designed by Bill Stumpf, a UIUC alumnus, and is 
produced by Herman Miller, a company that believes environmental advocacy is part of our heritage and 
a responsibility they gladly bear for future generations. The Caper Chair was awarded a Silver Cradle to 
Cradle certification by (McDonough Braungart Design Chemistry) MBDC. 

 
 ● The Caper chair is up to 100% recyclable at the end of its useful life. 
 ● The Caper is composed of 21% recycled materials. 
 
More details can be found on the following pages. 
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12 58 83 Custom Residential Furniture 
 
12 58 83.03 Office Furniture and Bedroom Dressers 
 

The office furniture and bedroom dressers will be designed and built by UIUC Industrial Design 
students and will be constructed predominantly of PLYBOO, a multi-ply bamboo plywood. 
  

12 58 83.05 Kitchen Table 
 

The kitchen table will be designed and built by UIUC Industrial Design students. The base will be 
constructed of PLYBOO. The top (as well as the kitchen counter tops) will be constructed using 3form 
CHROMA, a solid resin panel that has a unique life cycle ability to be reprocessed that allows for it to be 
reinstalled in “like new” condition. Accent panels of 3form ECORESIN will be located in the upper kitchen 
cabinet doors. ECORESIN is the only translucent, co-polyester sheet material to contain significant 
amount of recycled content while maintaining core physical properties. 

 

12 58 83.07 Coffee Table 
 

The sofa, loveseat, and coffee table will be designed and built by UIUC Industrial Design students 
and will be constructed of 1” 3form CHROMA. 
  

12 58 83.09 Sofa and Loveseat 
 

The sofa and loveseat will be designed and built by UIUC Industrial Design students and will be 
constructed predominately of 3form CHROMA. 
 

12 58 83.11 Bed 
 

The bed and integrated night stands will be designed and built by UIUC Industrial Design 
students and will be constructed of 3form CHROMA. 
 

12 58 83.13 Bathroom Vanity 
 

The bathroom vanity will be designed and built by UIUC Industrial Design students and will be 
constructed of PLYBOO and 3from CHROMA. 

 
 
More details and MSDS about the different materials used can be found on the following pages. 
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21 00 00 FIRE SUPPRESSION 
 
 

21 20 00 FIRE-EXTINGUISHING SYSTEMS 
 
 Section 4.1.2 of the 2007 Solar Decathlon Rules and Regulations requires the house to be 
equipped with a fire extinguisher with a minimum Underwriters Laboratory (UL) rating of 2A-10BC. 
 
 Two First Alert fire extinguishers, model number FE3A40 (datasheet on page 158), will be 
available for the house. One of them will be placed in the cabinet under the kitchen sink for interior 
access and the other in the electrical closet for exterior access. The 10-lb FE3A40 has a rating of 3A-
40BC, which exceeds the above minimum requirement. 
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22 00 00 PLUMBING 
 

All plumbing fixtures and lines shall be installed as per local, state, and national codes. Work shall 
be performed by a qualified individual and work shall be reviewed and approved by project architect and 
supervising construction officer. 
 
 
22 06 00 SCHEDULES FOR PLUMBING 
 
22 06 10 Schedules for Plumbing Piping and Pumps 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
22 06 80 Schedules for Plumbing Fixtures 
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22 10 00 PLUMBING PIPING AND PUMPS 
 
22 11 00 FACILITY WATER DISTRIBUTION 
 
22 11 13 Facility Water Distribution Piping 
 

All interior plumbing piping shall be of PEX pipe rated for interior residential use and meeting 
applicable local, state, and national codes. 
 
22 11 23 Domestic Water Pumps 
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22 40 00 PLUMBING FIXTURES 
 
22 41 00 RESIDENTIAL PLUMBING FIXTURES 
 
22 41 13 Residential Water Closets, Urinals, and Bidets 

 
K-19796-0 Kohler Escale 2 Piece Dual Flush Toilet: 
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22 41 16 Residential Lavatories and Sinks 
 

K-2273-0 Kohler Vessels Bateau Lavatory: 
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K-2273-0 Kohler Vessels Bateau Lavatory (Continued): 
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22 41 19 Residential Bathtubs 
 

K-715-0 Kohler Villager 5 Bath/Left: 
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K-715-0 Kohler Villager 5 Bath/Left (Continued): 
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22 41 39 Residential Faucets, Supplies, and Trims 
 

K-T945-4-BN Kohler Laminar WM Lavatory Faucet Trim: 
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K-7700-BN Kohler 1-1/4 Touch activated Drain: 
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K-7700-BN Kohler 1-1/4 Touch activated Drain (Continued): 
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K-7160-AF-BN Kohler Clearflow Bath Drain Above Floor: 
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K-7160-AF-BN Kohler Clearflow Bath Drain Above Floor (Continued): 
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K-T948-4-BN Kohler Stillness Faucet Trim: 
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K-T948-4-BN Kohler Stillness Faucet Trim (Continued): 
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K-974-BN Kohler Stillness Slide Bar: 
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K-976-BN Kohler Stillness Supply Elbow (Note: Discard Shower Head Supplied with K-T948, Kohler 
Stillness Faucet Trim): 
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K-976-BN Kohler Stillness Supply Elbow (Continued): 
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K-973-BN Kohler Stillness Handshower: 
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64901 – SS Brizo Pascal Pull Down Kitchen Faucet: 
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23 00 00 HEATING, VENTILATING, AND AIR-
CONDITIONING (HVAC) 

 
The house employs a radiant heating and cooling system for sensible conditioning. The system is 

a heat pump with no secondary fluid for transfer to radiant panels (23 06 80.13). Radiant exchange is 
employed both on the inside and outside of the house using arrays of 6 wire-and-tube heat exchangers 
(23 06 80.16). A stand alone dehumidifier (see appliance section) handles latent conditioning. Control is 
accomplished via wireless thermostats and humidistats (23 06 80.13, 23 09 93, 23 09 13.13). 

 
 
23 06 00 SCHEDULES FOR HVAC 
 
23 06 20 Schedules for HVAC Piping and Pumps 
 
Refrigerant Piping: 
 

All piping used to transport refrigerant in the heat pump radiant systems will comply with ASTM B 
280. The following table should be referred to for selecting tubing and fittings. 
 

Use Item
Physical 
Characteristics

Safe Working Pressure / 
Temperature at which 
SWP applies Source of pressure Data

Refrigerant transport to 
and from Custom Outdoor 
Unit and Heat Exchanger 

Panel arrays

3/8" ACR Copper Tube OD = 3/8" 
ID = 0.311" 787 PSI / 250 °F

http://www.copper.org/reso
urces/pub_list/pdf/copper_t

ube_handbook.pdf

Construction of Wire-and-
tube heat exchanger 

arrays
1/4" ACR Copper Tube OD = 1/4" 

ID = 0.19" 1125 PSI / 250 °F
http://www.copper.org/reso
urces/pub_list/pdf/copper_t

ube_handbook.pdf
T, Reducer, Union-Cross 
and Elbow where open 
flame is permissible.

Forged Pipe fittings with 
BCuP-2, 3, 4 or 5 brazing 

metal.

Melting Ranges 
within 1300 °F 
and 1550 °F

Meet or exceed tube 
strength

http://www.copper.org/reso
urces/pub_list/pdf/copper_t

ube_handbook.pdf

T, Reducer, Union-Cross 
and Elbow where open 

flame is  not permissible.

Swagelok compression 
fittings (3/8"-1/4" reducer 

union, 3/8"-3/8" union, elbow 
and cross union)

ID = 3/8" 
ID = 1/4" 800 PSI / 200 °F

http://www.swagelok.com/d
ownloads/webcatalogs/EN/

MS-01-107.PDF

Joining 1/4" ACR Copper 
Tube to Wire-and-Tube 

Heat Exchangers

3/8" - 1/4" Brass Swagelok 
Compression Fittings

ID = 3/16" 
ID = 3/4" 800 PSI / 200 °F

http://www.swagelok.com/d
ownloads/webcatalogs/EN/

MS-01-107.PDF  
 
 
23 06 30 Schedules for HVAC Air Distribution 
 

The only forced air in the house will be for ventilation and will employ a Trane model 
ERVR100A9P00A Energy Recovery Ventilator (ERV) with a permeable membrane energy exchanger. 
The installation guide of the ERV is given on the following pages. 
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23 06 80 Schedules for Decentralized HVAC Equipment 
 
23 06 80.13 Decentralized Unitary HVAC Equipment Schedule 
 

A centralized rooftop unit will be connected both to the Outdoor HX Array and the Indoor HX 
Array and perform the compression, expansion and reversing functions. It will be mounted to on U-strut 
steel beams that are attached to opposing parapets in space available, regardless of solar array position. 
 

Thermostatic Expansion Valves (TXV) will be used to achieve expansion. This requires a 
temperature sensing bulb be attached to the outlet of the evaporator, whichever array it may be. Due to 
the large pressure drop across the heat exchanger arrays, it must be externally equalized via a pressure 
tab to the same location. To accomplish this, a separate TXV is employed for each mode, heating or 
cooling, along with Check valves to ensure that only the proper valve is in use. To change modes, an 
electric reversing valve is also provided to direct the discharge from and return to the compressor 
properly. 
 

The compressor is equipped with two safety devices. The temperature cutoff switch is attached to 
the compressors and cuts off below 200 °F, which, for R-22, corresponds to a pressure of 671.5 psig. A 
pressure relief valve set to 500 psig will also be supplied at the compressor discharge. The system will 
not be designed to operate at temperatures over 400 PSI. 
 

See the following figure for refrigerant circuit. See the table on the following page for components 
descriptions. 
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Item Description
Physical 
Characteristics

Safe Working Pressure / 
Temperature at which 
SWP applies Source of Data

Piping to connect 
components 3/8" ACR Soft Copper Tube OD = 3/8" 

ID = 0.311" 787 PSI / 250 °F
http://www.copper.org/reso
urces/pub_list/pdf/copper_t

ube_handbook.pdf
Piping to connect 

components and TXV 
pressure line

1/4" ACR Copper Tube OD = 1/4" 
ID = 0.19" 1125 PSI / 250 °F

http://www.copper.org/reso
urces/pub_list/pdf/copper_t

ube_handbook.pdf

Piping to connect 
components to TXV 1/2" ACR Soft Copper Tube OD = 1/2"

ID = 0.436" 594 PSI / 200 °F
http://www.copper.org/reso
urces/pub_list/pdf/copper_t

ube_handbook.pdf

TXV including cap-tube 
and sensing bulb

Danfoss Product no. 
068Z7394 

ID = 1/2"
ID = 1/2"
ID = 1/2" 

5 ft.Cap Tube 
Length

500 PSI www.danfoss.com

T, Reducer, Union-Cross 
and Elbow where open 
flame is permissible.

Forged Pipe fittings with 
BCuP-2, 3, 4 or 5 brazing 

metal.

Melting Ranges 
within 1300 °F 
and 1550 °F

Meet or exceed tube 
strength

http://www.copper.org/reso
urces/pub_list/pdf/copper_t

ube_handbook.pdf

T, Reducer, Union-Cross 
and Elbow where open 

flame is not permissible.

Swagelok compression 
fittings (3/8"-1/4" reducer 

union, 3/8"-3/8" union, elbow 
and cross union)

ID = 3/8" 
ID = 1/4" 800 PSI / 200 °F

http://www.swagelok.com/d
ownloads/webcatalogs/EN/

MS-01-107.PDF

Joining 1/4" ACR Copper 
Tube to Wire-and-Tube 

Heat Exchangers

3/8" - 1/4" Brass Swagelok 
Compression Fittings

ID = 3/16" 
ID = 3/4" 800 PSI / 200 °F

http://www.swagelok.com/d
ownloads/webcatalogs/EN/

MS-01-107.PDF

CV Danfoss Product no. 020-
1012 

ID = 1/2"
ID = 1/2" 667 PSI www.danfoss.com

Compressor
R-22 Compressor from 
Whirlpool ACD052PS 

Window unit Air Conditioner

5200 BTU/hr 
Cooling Capacity N/A www.whirlpool.com

PC Swagelok Relief Valve
Product no. SS-4R3A

ID = 1/4"
ID = 1/4" 50-6000 psi set pressure

http://www.swagelok.com/s
earch/product_detail.aspx?

part=SS-4R3A

RV Emmerson Reversing Valve
SHF-11

OD = 5/16"
OD = 1/2"
OD = 1/2"
OD = 1/2"

680 PSI

SanHau Refrigeration 
Group, 2003, 

"Components for 
Refrigeration and Air 

Conditioning"  
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Product Data for Danfoss 068Z7394: 
 

 

characteristic value 

Type TX 2 

Weight 0.355 Kg  

Capillary tube length 5,0 ft 

Capillary tube length [mm] 1.500 mm 

Connection type (I/O/E) Flare/Solder 

Direction Angleway 

Inlet connection type  Flare 

Inlet size [in] 1/4 in R 

Max. Working Pressure ef 34,0 bar 

Max. Working Pressure 500 psig 

Orifice capacities [kW] 2,50 kW 

Orifice capacities [TR] 0,70 TR 

Orifice size 01 

Outlet connection type Solder 

Outlet size [in]  1/2 in 

Pack format Multi pack 

Quantity per pack format  20 pc 

Refrigerant(s) R22 

Static Superheat (SS) 5,0 

Static Superheat (SS) [°F] 9,00 °F 

Temperature range [°C] -40 - 10 °C 

Temperature range [°F] -40 - 50 °F 
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Product Data for Danfoss 020-1012: 
 

 

characteristic value 

Type NRV 12 

Weight 0.100 Kg  

Approval UL 

Direction Straightway 

Inlet connection type  SOLDER ODF 

Inlet size [in] 1/2 in 

Kv-value [m³/h] 2,050 

Max. Working Pressure ef 46,0 bar 

Max. Working Pressure 667 psig 

Min. Pressure drop [bar] 0,05 bar 

Outlet connection type SOLDER ODF 

Outlet size [in]  1/2 in 

Pack format Multi pack 

 
Quantity per pack format  24 pc 
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23 06 80.16 Convection Heating and Cooling Unit Schedule 
 
Indoor Exchange Array: 
 

The Indoor Exchange Array consists of 6 Indiana Tube 241785201 (Data Sheets Below) wire-
and-tube heat exchangers (WTX) hooked up in parallel according to the figure below. The indoor 
exchanger arrays should be set horizontally 7 inches from the ceiling and connected using the 
compression fittings and tubing specified in section 23 06 20. See Drawing M1.02 for indoor arrangement 
and roof-puncture locations. 
 

It is essential that the tube surface has line-of-sight access to the conditioned space for radiant 
transfer. Airflow across the tubes should also be minimally obstructed for convective contribution. 
 
 
Outdoor Exchange Array: 
 

The Outdoor Exchange Array consists of 6 Indiana Tube 241785201 (datasheets below) WTX’s 
mounted to the back of the solar collector array structures according the circuit diagram presented below. 
Rubber-Cushioned straps (McMaster-Carr, Model number 3225T2) should be used to mount the WTX’s 
collectors to the wooden structure, with blocking as required to keep them at least 2 inches away from 
any surface. This offset will ensure proper air-flow over the WTX. 
 

 

2 1 3 4 5 6 
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23 09 00 INSTRUMENTATION AND CONTROL FOR HVAC 
 
23 09 13 Instrumentation and Control Devices for HVAC 
 
23 09 13.13 Actuators and Operators 
 

The Echoflex control boxes will be programmed with the algorithms presented in section 23 09 93 
and will accept signals from Thermokon thermostats and humidistats. Each of the three autonomous 
radiant heat pump systems will have one thermostat, which will send periodic temperature data and data 
concerning the mode selected by the user (heating or cooling) to the control box. The control box will then 
switch 24 VAC switches to control the power to the compressor and reversing valve. A separate 
humidistat will be provided for whole-house control and a corresponding Echoflex control box will switch 
24 VAC to control the power to the stand-alone dehumidifier. 
 

All electrical relays, switches and control boxes will be located in non-metal NEMA boxes 
approved for indoor use. Nema box will be mounted above drop-soffit in each module. 
 

Because of the all-radiant nature of the heat exchanger panels, the surface cannot get cooler 
than local dewpoint; so an additional cutoff protection switch is achieved through a hard-wired Honeywell 
Tradeline Humidistat, which can pass a 24 VAC signal to a relay that, if humidity exceeds an 
unacceptable value, will cut compressor power off. This will allow time for the house dehumidifier to 
“catch up” and allow the cooling system to resume. 
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23 09 13.23 Sensors and Transmitters 
 

Thermokon Thermostats (SR07PS rws) and Humidistats (SR04PT rH) will send the necessary 
data to the Echoflex controllers. These thermostats require no power and will be mounted on a mobile 
stand for maximum user-control. 
 

For the humidity cutoff control to avoid going below dewpoint for the sensible conditioning, a 
Honeywell Tradeline H46 Dehumidifier Controller will be used to pass a 24 VAC signal to the sensible 
conditioning controller box. 

 
Datasheets of the SR07PS and SR04PT are given on the following pages. 
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23 09 93 Sequence of Operations for HVAC Controls 
 

Echoflex Control boxes for sensible and latent conditioning were programmed according to the 
flow charts on the following pages. 
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Thist = 1.5 °F 
Tset = Temperature 
setpoint from thermostat 
di l

Contact #1: Closed = heating mode, 
Open = cooling mode 

Contact #2: Closed = compressor on, 
Open = compressor off 

YES

START

T ≥ Tset 
Heating 
Mode? 

Compressor 
On? 

T ≥ Tset + 
Thist

Open 
Contact #2

Compressor 
On? 

Close 
Contact #2 

Heating 
Mode? 

Compressor 
On? 

Close 
Contact #2

Compressor 
On? 

T ≤ Tset - 
Thist 

Open 
Contact #2 

NO

YES

FALSE

TRUE

NO
YES

NO

NO 

NO 

NO

NO

YES 

YES

YES 

TRUE

FALSE

YES

Open 
Contact #1

Open 
Contact #1 

Close 
Contact #1

Open 
Contact #1 

Algorithm for Echoflex ERFCM-2 Sensible 
Conditioning Controller 
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Hs = Humidity Set Point from 
Dial 
Hhist = 5% RH or 0.05 

Dehum On? 

H ≤ Hs - 
Hhist 

Open Contact 
#1 

NO

NO 

YES 

YES 

YES

NO 

NO

H ≥ Hs 
YES

Dehum On? 

Close Contact 
#1 

START 

Algorithm for Echoflex ERFCM-2 Latent 
Conditioning Controller 
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25 00 00 INTEGRATED AUTOMATION 
 
25 01 00 OPERATION AND MAINTENANCE OF INTEGRATED 

AUTOMATION 
 
25 01 20 Operation and Maintenance of Integrated Equipment 
 

A La Crosse Professional Weather Station will be used to collect data about the weather directly 
outside of the house. The information obtained will be used to advise the resident about when to perform 
or not to perform high powered tasks such as running the dishwasher, running the washer and dryer, etc. 
A Weathergoose™ and three sensors to inform the resident of conditions within in the house in order to 
adjust their conditions appropriately will also be used. These conditions include temperature, humidity, 
and airflow. More details about these devices are given below. 
 
La Crosse Professional Weather Station 
 

The weather station has 4 components (temperature/humidity sensor, rain gauge, and 
anemometer) that will be placed outside the house. They run off 2 AA batteries, which will last for 
approximately 12 months. There will be a base station inside the house that connects wirelessly to the 
sensors. The base requires 3 AA batteries or can be powered by a AC/DC power adapter. The sensors 
will be able to measure outdoor temperature, humidity, and rainfall hourly, daily, and for extended periods 
of time. The information will be retrieved from the sensors to the base stations and will then be sent to the 
computer for data retrieval and analysis.  
 

 
 
The documents on the following pages are taken from the La Crosse Professional Weather Station 
Product Manual. 
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WeatherGoose™ 
 

The WeatherGoose will be used to monitor the indoor conditions of the house. The house will 
have one WeatherGoose that will be connected to the computer to display data of the indoor conditions; 
these conditions include humidity, temperature, and airflow. Connected to the WeatherGoose base 
station will be three sensors that will collect data from the different modules of the house that will be 
transmitted through the WeatherGoose and then on to the computer. The WeatherGoose will need to be 
plugged into the wall outlet to obtain power. The sensors do not need a power source; they will draw it 
from the WeatherGoose to which they will be connected. Information on installation and usage of the 
WeatherGoose are given on the next page. For more information please refer to:  
http://www.itwatchdogs.com/DataSheets/WxGoos1(8.5x11)033006.pdf . 
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25 10 00 INTEGRATED AUTOMATION NETWORK EQUIPMENT 
 
25 15 00 INTEGRATED AUTOMATION SOFTWARE 
 
25 15 16 Integrated Automation Software for Control and Monitoring Networks 
 

The HeavyWeather software provided with the weather station will be used to collect the data 
from the weather station. The WeatherGoose will be able to display its data collection directly to any web 
browser software that will be included on the computer. 
 
 

25 30 00 INTEGRATED AUTOMATION INSTRUMENTATION AND 
TERMINAL DEVICES 

 
25 36 00 INTEGRATED AUTOMATION INSTRUMENTATION AND 

TERMINAL DEVICES FOR ELECTRICAL SYSTEMS 
 
25 36 13 Integrated Automation Power Meters 
 

The energy consumed by branches of the house attached to individual circuit breakers will be 
monitored using a specialized submetering device. The submetering device will be mounted in a non-
conductive junction box in the breaker closet, next to the circuit breaker panel. It will be connected to a 
low-voltage power supply that is mounted within the circuit breaker panel. It will also be connected to 21 
current transformers, one for each of the branches of the house. 

 
Each of these transformers will be clamped onto a high-voltage wire emanating from the 

appropriate circuit breaker. A set of three potential transformers supplied by the manufacturer of the 
submetering device and mounted within a non-conductive enclosure will also be mounted with screws 
adjacent to both the circuit breaker panel and the junction box containing the submetering device. The 
transformer has a high-voltage and low-voltage side.  The neutral and phase 1 wires from high-voltage 
side of the transformer enclosure will be connected to the neutral bus and a circuit breaker, respectively, 
and four connections from the low-voltage side of the transformer enclosure will be connected to the 
submetering device inside the junction box. 

 
The potential transformer was designed to accommodate three phases, which accounts for the 

two unused high-voltage connections. Those connections will be terminated using insulated twist 
connectors. A 14-AWG ground wire will also be connected between the ground bus in the circuit breaker 
panel and a screw on the submetering device. Finally, the submetering device will be directly connected 
to a serial port-to ethernet cable adapter partially contained within the junction box, to which a standard 
ethernet patch cable will be connected. This patch cable will be run through a low-voltage conduit to the 
computer in the house, where it will terminate at a similar ethernet cable-to-serial port adapter connected 
to an RS-232 serial port on the computer. 
 
 The following pages provide more details about the following components: 
 

• 18W 24VDC DIN-Mounted Power Supply: Carlo Gavazzi SPD24181 
• Electrical Submetering Device: TrendPoint EnerSure  
• Current Sensor: CR Magnetics CR 3110-3000 Current Transformer 
• Junction Box: Carlon E989SX Non-Conductive 8”x8”x4” Junction Box 
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Manufacturer-recommended connection topology, slightly modified in our design to accommodate 

single-phase wiring. 
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26 00 00 ELECTRICAL 
 
 
26 01 00 OPERATION AND MAINTENANCE OF ELECTRICAL 

SYSTEMS 
 
26 01 00.01 Temperature Data 
 

The electrical system is greatly influenced by the temperature imposed on the house. Table 26.I 
shows temperature data obtained from National Climatic Data Center (www.ncdc.noaa.gov) for National 
Arboretum DC, MD (50 ft. elevation, 38º54 N latitude, 76º59 W longitude, 1971-2000 observation period), 
which is representative of the temperature in Washington, DC. 

 
Table 26.I.  Temperature data (in ºF) for National Arboretum DC, MD 

  Mean Extremes 

Month Daily 
Max 

Daily 
Min Mean Highest 

Daily 
Highest 
Month 
Mean 

Lowest 
Daily 

Lowest 
Month 
Mean 

Jan 43 24 33.5 80 42.2 -10 23.5 
Feb 46.4 26 36.2 82 43.8 -1 24.1 
Mar 55.3 33.4 44.4 90 50.1 9 38.4 
Apr 66 42.2 54.1 94 59.5 18 49.7 
May 75.8 52.4 64.1 98 71.5 25 60.2 
Jun 84.4 61.8 73.1 101 77.2 42 68.9 
Jul 88.9 66.9 77.9 104 83.1 47 74.8 
Aug 87.4 64.8 76.1 104 79.6 42 72.4 
Sep 80.4 56.9 68.7 102 75.1 34 64.3 
Oct 69 44.1 56.6 94 63 20 49.9 
Nov 58 35.7 46.9 87 52 10 41.2 
Dec 47.7 28.2 38 81 44 0 26.3 
Annual 66.9 44.7 55.8 104 83.1 -10 23.5 

 
From Table 26.I, the design temperature for the house ranges from -10ºF to 104ºF (-23ºC to 40ºC). We 
will also assume that the operating temperature of the PV modules can reach up to 75ºC. 
 
 
26 01 00.02 Electrical System 
 

Fig. 26.1 shows a one-line diagram of the house electrical system. Please see the construction 
documents for more details. In Fig. 26.1, each PV (photovoltaic) array consists of 10 BP Solar BP 7185S 
modules. The 10 modules are configured as 5 parallel strings of 2 modules in series to meet the input 
voltage (< 120 V) and input current (< 48 A) ratings of the charge controller. The rainproof PSPV, from 
OutBack Power Systems, is used for the combiner boxes. The MX60, also from OutBack Power Systems, 
is used for the charge controllers to provide a 48-V DC bus. The battery stack consists of sixteen 
U1850HC deep-cycle lead-acid batteries, from Interstate Batteries, in a 4-by-4 configuration to also 
provide 48 V to the DC bus. The VFX3648 inverter, from OutBack Power Systems, is used for the 
inverters to convert 48 VDC to 120/240 VAC for the house loads. A John Deere AC-G5000S generator 
(or similar) might be used to the charge up the batteries. 
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Fig. 26.1.  One-line diagram of the electrical system 
 

The longest one-way conductor length from the PV arrays to the combiner boxes is 45 ft. (in free 
air). The longest one-way conductor length from the combiner boxes to the charge controllers is 40 ft. (in 
conduit). The one-way conductor length from the battery stack to the DC bus is 12 ft (in conduit). Since 
the conductor lengths from the charge controllers to the DC bus are short, they are neglected in the 
calculations.  

 
A good practice is to keep the voltage drop in the conductors from the PV arrays to the DC bus 

and from the battery stack to the DC bus below 3% of the 48-V system voltage. Since smaller conductors 
have higher resistances, it is decided to have 2% of the voltage drop from the PV arrays to the combiner 
boxes and the remaining 1% from the combiner boxes to the charge controllers. Please note that all the 
cables in the electrical system will have USE-2/RHH/RHW-2 ratings, except from bare conductors. 
 
 
26 01 00.03 House AC Loads 
 
 Table 26.II shows the maximum power ratings of the main loads of the house. Please note that 
many of the numbers shown have been exaggerated and are expected to be lower as the house nears 
completion. A few smaller loads, like smoke detectors and ground fault circuit interrupters, have not been 
included. At this stage of the design, there might also be a few unaccounted loads. Our simulations have 
shown that the maximum load, at any point during the day, does not exceed 7000 W. 
 

Table 26.II.  Main house loads 
Load Power (W) 
Refrigerator/freezer 117 
Clothes washer 1093 
Clothes dryer 3000 
House water heater 923 
Heat recovery ventilator 67 
Dehumidifier 650 
Dishwasher 923 
Water pump 745 
Range 2400 
Microwave 1000 
TV/DVD player 66 
Desktop computer 280 
Lighting 800 
3 heat pumps 1150 
Electric car 1800 
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26 01 00.04 PV Modules to Combiner Boxes 
 

Circuit Current: The BP 7185S PV module has a short-circuit current of 5.5 A, which results in a 
continuous current of the 6.88 A (5.5 × 1.25)  

 
Overcurrent Device Rating: The 80% operation is 8.59 A (6.88 × 1.25). Therefore, an available 9-

A circuit breaker, from Outback Power Systems, can be used.  
 
Cable Sizing: The cable should also have a 30°C ampacity (no derating) of 8.59 A. 
 
Cable Derating: Part of the cables will be in free air, but in direct contact with the back of the PV 

modules, reaching temperatures of up to 75°C. The ampacity of #18 USE-2/RHH/RHW-2 cable in free air 
at 75°C is 7.38 A (18 × 0.41), which is greater than the continuous current of 6.88 A found above. 

 
Ampacity vs. Overcurrent Device: The 7.38-A derated ampacity of the #18 cable, however, is 

lower than the 9-A circuit breaker rating. A #16 cable, which has a derated ampacity of 9.84 A (24 × 0.41) 
in free air at 75°C, can be used instead. 

 
Voltage Drop Calculations: The maximum total cable length between the PV arrays and the 

combiner boxes is 90 ft. A #16 cable has a resistance of 4.99 Ω per 1000 feet. At the peak current of 5.1 
A of the BP 7185S module, the voltage drop is 2.29 V (5.1 × 90 × 4.99 ÷ 1000). At the system voltage of 
48 V, 2.29 V represents a voltage drop of 4.77% (2.29 × 100 ÷ 48), which is much higher than the desired 
2% drop, as mentioned above. A #12 cable, which has a resistance of 1.98 Ω per 1000 feet, results in 
0.91 V (5.1 × 90 × 1.98 ÷ 1000) or 1.89% voltage drop and satisfies the 2% drop. 

The derated ampacity of #12 cable at 75°C is 16.4 A (40 × 0.41). This exceeds the 80% operation 
of 8.59 A. Furthermore, a circuit breaker rated at 15 A can be used. This matches the maximum series 
fuse rating of the BP 7185S module. The 15-A circuit breaker rating is above the 8.59-A rating to conduct 
the module current and below the 16.4-A derated ampacity of the #12 cable. Twenty 15-A circuit breakers 
are needed for the 4 sets of 5 parallel strings. 

 
Device Terminal Compatibility: Please note that all the circuit breakers in the PV system are of 

hydraulic-magnetic type. According to the manufacturers, their operations are not influenced by 
temperature and, therefore, no temperature derating is required. The combiner boxes will be placed far 
away from the back of the PV modules and in the shade. We will assume that the temperature inside the 
combiner boxes will not exceed 55°C. The 15-A circuit breakers have terminals rated at 60°C. The 
ampacity of #12 cables with 60°C insulation operating at 55°C in conduit is 10.3 A (25 × 0.41), which is 
higher than the 80% operation of 8.59 A. Thus, the operating temperature of the terminal can be expected 
to remain below 60°C. 
 
 
26 01 00.05 Combiner Boxes to Charge Controllers 
 
 Circuit Current: The continuous current out of each combiner box is 34.4 A (5 × 6.88). 
 
 Overcurrent Device Rating: The 80% operation is 43 A (34.4 × 1.25). 
 
 Cable Sizing: The cable should also have a 30°C ampacity of 43 A (no derating) and can be 
protected by a 50-A circuit breaker, available from Outback Power Systems. 
 
 Cable Derating: These cables will be enclosed in conduits on roof and might be exposed to the 
sun at times. According to NEC 310.10 FPN No. 2, the cables inside the conduits might experience up to 
17°C above ambient temperature (40°C from Table I). At around 57°C, the temperature correction factor 
for USE-2/RHH/RHW-2 cables in conduit is 0.71. The derated ampacity of #8 cable is 39.1 A (55 × 0.71), 
which exceeds the 34.4-A continuous current. 
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 Ampacity vs. Overcurrent Device: The problem is that the 39.1-A derated ampacity is lower than 
the 50-A rating for the circuit breaker. Therefore, a #6 cable with a 53.3-A (75 × 0.71) derated ampacity 
should be used. 
 
 Voltage Drop Calculations: There is a maximum total cable length of 80 ft. between the combiner 
boxes and the charge controllers. A #6 cable has a resistance of 0.491 Ω per 1000 feet. At the peak 
current of 25.5 A (5.1 × 5), the voltage drop is 1.00 V (25.5 × 80 × 0.491 ÷ 1000) or 2.1% (1.00 × 100 ÷ 
48), exceeding the desired 1% drop mentioned previously. On the other hand, a #2 cable, which has a 
resistance of 0.194 Ω per 1000 feet, results in 0.396 V (25.5 × 80 × 0.194 ÷ 1000) or 0.83% (0.396 × 100 
÷ 48) voltage drop, satisfying the 1% drop. 

The derated ampacity of #2 cable at 57°C in conduit is 92.3 A (130 × 0.71). This exceeds the 
80% operation of 43 A. A circuit breaker rating of 60 A, which is above the 43-A rating and below the 
92.3-A derated ampacity of the cable, can thus be used. 
 
 The four 60-A circuit breakers are connected to a 4-pole Xantrex GFPD, which is then connected 
to the four MX60 charge controllers. These are then connected to the DC bus through four 80-A circuit 
breakers (which were already bought before these calculations were made), still using #2 cables. 
 

Device Terminal Compatibility: The terminals of the 60-A circuit breakers, GFPD, and 80-A circuit 
breakers are rated at 60°C, 75°C, and 85°C, respectively. All of them are enclosed in the FW1000-DC 
breaker box, where the temperature can be assumed to stay close to the ambient temperature of 40°C. 
The ampacity of #2 cables with 60°C insulation operating at 40°C is 77.9 A (95 × 0.82), which is higher 
than the 80% operation of 43 A. Thus, the operating temperature of the terminal will remain below 60°C 
(and below 75°C and 85°C obviously). 
 

Equipment-Grounding Conductor: According to the NEC 690.45, the equipment-grounding cables 
must be able to carry the 34.4-A continuous current, which require a #10 (5.26 mm2) cable in conduit. 
Since the cable size from the combiner boxes to the charge controllers was increased to keep the voltage 
drop within 3%, NEC 250.122(B) also requires that the equipment-grounding conductor size be increased 
by the same ratio. The 43-A 80% operation requires a #8 (8.37 mm2) cable in conduit, but a #2 (33.62 
mm2) cable was selected. This represents a ratio of 4:1. Therefore, a #4 (21.15 mm2) cable is required for 
the equipment-grounding conductor.  

Please note that, for ease of wiring and to avoid the use of bare stranded conductor, solid bare #6 
copper conductors will be used for the equipment-grounding conductors from the PV modules to the 
combiner boxes. Also, ILSCO GBL4-DBT lugs will be attached at the grounding points of the PV modules 
with stainless steel 10 screws, nuts, and lock washers to provide proper grounding connections. Before 
attaching the lugs, any anodization or oxidation will be removed from the aluminum frames of the PV 
modules, which will then be coated with a thin film of anti-oxidant. 

 
Conduit: The conduit has to enclose two #2 cables and one #4 equipment-grounding cable. 

Based on NEC Table C-10, a 1.25-inch Rigid PVC Schedule 40 conduit, which also matches the size of 
the combiner box knock-out hole, is required. An electrical metallic tubing (EMT) of the same size will be 
used as soon as the cables enter the electrical closet. 
 
 
26 01 00.06 Battery Stack to DC Bus 
 
 Circuit Current: The current flowing from the battery to the DC bus is dictated by the ratings of the 
inverters being used. To withstand the maximum house load of 7000 W, two VFX3648 inverters, from 
OutBack Power Systems, are needed. Each inverter has a nominal DC input voltage of 48 V and a 
continuous power rating of 3600 W at 120 VAC 60 Hz. According to the datasheet, the typical inverter 
efficiency is 93%, but it is assumed to be around 90% at the lowest input battery voltage of 42 V. All this 
results in a DC input current of 190 A (2 × 3600 ÷ 0.90 ÷ 42).  
 

Overcurrent Device Rating: After 80% cable derating, an ampacity of 238 A (190 ÷ 0.80) is 
required.  
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 Cable Sizing and Derating: To meet this requirement in conduit at 40°C (this conduit is not 
subject to direct sunlight), a 90°C 250 kcmil (168 mm2) cable has to be used to provide an derated 
ampacity of the 264 A (290 × 0.91). To avoid the use of bigger cables and because of circuit breakers 
availability, two #2/0 cables (67 mm2) can be paralleled. Since the conduit now encloses 4 current-
carrying cables, a conduit fill correction factor of 0.8 has to be used. The derated ampacity is then 284 A 
(2 × 195 × 0.8 × 0.91). 
 
 Voltage Drop Calculations: A #2/0 cable has a resistance of 0.0967 Ω per 1000 feet. With 4 
current-carrying cables, the total cable length from the battery stack to the DC bus is 48 ft. The cable 
resistance is thus 0.00464 Ω (0.0967 × 48 ÷ 1000). With 190-A continuous current, the voltage drop is 
0.88 V (190 × 0.00464) or 1.83% (0.88 × 100 ÷ 48), satisfying the goal of 3% voltage drop. A 250-A 
battery disconnect can be used to protect the cables and carry the 190-A continuous current. The ILSCO 
H2L-13-1 terminal plates will be bolted to the studs of the 250-A circuit breakers to provide proper 
connections for the dual #2/0 cables to the 250-A breakers. 
 

Device Terminal Compatibility: The terminals of the 250-A circuit breakers are rated at 85°C. The 
ampacity of dual #2/0 cables with 75°C (because there is no 85°C column in the NEC Table 310.16) 
insulation operating at 40°C is 308 A (2 × 175 × 0.88), which is higher than the 80% operation of 238 A. 
Thus, the operating temperature of the terminal will remain below 75°C and, thus, 85°C. 

 
Conduit: A 2.5-inch Rigid PVC Schedule 40 conduit will be used to carry the four #2/0 cables 

(NEC Table C-10). 
 

 
26 01 00.07 Battery Interconnects 
 
 The 4-by-4 battery stack will be interconnected as shown in the construction document. The 190-
A continuous current is expected to be split among the 4 strings, resulting in each string carrying about 48 
A. However, over time, one string might have to carry more current than the other strings. A #2/0 USE-2 
copper conductor that has an ampacity of 300 A in free air at 30°C will be used to interconnect the 
batteries. In the worst case, one string would be able to easily carry all of the 190-A current. 
 
 
26 01 00.08 DC Bus to Inverters 
 
 The 190-A continuous current is also split between the two inverters. As per the inverter manual, 
a #2/0 cable will be used to connect each inverter to the DC bus. At 40°C in conduit, a #2/0 cable has a 
derated ampacity of 177 A (195 × 0.91). This is much higher than 95 A (190 ÷ 2). The minimum 
recommended 175-A DC breaker for the inverters can thus be used. 
 

Device Terminal Compatibility: The terminals of the 175-A circuit breakers are rated at 85°C. The 
ampacity of #2/0 cable with 75°C insulation operating at 40°C is 154 A (175 × 0.88), which is higher than 
the 95-A continuous current. Thus, the operating temperature of the terminal can be expected to remain 
below 85°C. 

 
Equipment-grounding conductor: According to NEC 250.122, a 175-A circuit breaker requires a 

#6 equipment-grounding conductor. 
 
Conduit: No conduit is required since the inverters are right next to the breaker boxes. All the 

cables run from inverter to the breaker boxers (and vice versa) through knock-out holes. 
 
 

All the DC buses and DC circuit breakers are enclosed in the FW1000-DC enclosure, from 
OutBack Power Systems. Please note that all the DC breakers have a voltage rating of 125 VDC, which 
is much higher than the highest 112-V (VOC × 1.25 × 2 = 44.8 × 1.25 × 2) DC voltage in the electrical 
system. 
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26 01 00.09 Generator to Inverters 
 
 At 240 VAC, the 4.4-kW generator provides a continuous output current of 18.3 A (4400 ÷ 240). 
An all-weather rubber cord (no more than 15 ft. in length), containing four #12 conductors, with red, black, 
white, and green insulations, will be used in free air. The rubber cord will be fitted with two 4-prong twist-
lock connectors, male for the generator side and female for the house side. The male connector will plug 
into the generator while the female connector will connect to a male receptacle near the AC enclosure. 
The wires coming from this receptacle will be terminated in a two-pole 20-A circuit breaker, which 
matches the breaker on the generator. The circuit breaker provides overcurrent protection and can be 
used to disconnect the generator. Please note that the generator will only be connected to the system 
when the battery stack needs to be charged. When the generator is not connected, the AC transfer 
switches within the inverters will be automatically deactivated and the circuit breaker will be set to its OFF 
position to prevent the male receptacle from being energized. 
 

Equipment-grounding conductor: The #12 conductor with green insulation of the rubber cord will 
be used as the equipment-grounding conductor. 

 
Conduit: No conduit is required since the rubber cord is rated for all weather conditions. 

 
 
26 01 00.10 Inverters AC Inputs and Outputs 
 
 At 120 VAC, the continuous AC output current for one of the inverters is 30 A (3600 ÷ 120). On 
the other hand, in the battery charging mode, based on the inverter manual, the continuous AC input 
current for one of the inverters is 20 A. After the NEC 1.25 correction factor, this ampacity increases to 
37.5 A (30 × 1.25). #6 cables, which have an ampacity of 68.3 A in conduit at 40°C (75 × 0.91), will be 
used. Four 60-A circuit breakers will be used for both the AC outputs and AC inputs of the inverters. 
 

Device Terminal Compatibility: The terminals of the 60-A circuit breakers are rated at 85°C. The 
ampacity of #6 cable with 75°C insulation operating at 40°C is 57.2 A (65 × 0.88), which is higher than 
37.5 A. Thus, the operating temperature of the terminal can be expected to remain below 85°C. 

 
Equipment-grounding conductor: According to NEC 250.122, a 60-A circuit breaker requires a 

#10 equipment-grounding conductor, but to avoid buying different cable sizes, a #8 equipment-grounding 
conductor will be used. 
 

Conduit: No conduit is required since the inverters are right next to the breaker boxes. All the 
cables run from inverter to the breaker boxers (and vice versa) through knock-out holes. 

 
 

26 01 00.11 House AC System 
 
 Please refer to the construction documents for a detailed layout of the house AC system. The 
different circuit branches require sixteen 20-A, one 30-A, two 20-A AFCI, one dual-pole 15-A, and two 
dual-pole 40-A AC circuit breakers. The AC buses and AC circuit breakers are enclosed in the FW1000-
AC enclosure, from OutBack Power Systems. 
 
 
26 01 00.12 Summary 
 
 Table 26.III provides a summary of the continuous current, 80% operation, cable size, derated 
ampacity, and circuit breaker rating for each branch of the electrical system. Where applicable, the 
equipment-grounding conductor size and conduit size are also provided.  
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Table 26.III.  Calculations summary 

Branch Continuous 
Current (A) 

80% 
Operation 

(A) 

AWG 
Conductor 

Size 

Conductor 
Derated 

Ampacity (A)

Circuit 
Breaker 

Rating (A)

Equipment 
Grounding 
Conductor 

Conduit 
Size (″) 

PV to Combiner 
Boxes 6.9 8.6 #12 16.4 15 #6 bare None 

Combiner Boxes to 
Charge Controllers 34.4 43.0 #2 92.3 60 #4 1.375 

Charge Controllers 
to DC Bus 34.4 43.0 #2 92.3 80 #4 None 

Battery to DC Bus 190 238 Dual #2/0 284 250 None 2.5 
Battery 
Interconnects 48 to 190 N/A #2/0 300 N/A N/A None 

DC Bus to Inverters 95 119 #2/0 177 175 #6 None 
Generator to 
Inverters 18.3 N/A #12 N/A 2P/20 #12 None 

Inverters inputs and 
outputs 30 37.5 #6 68.3 60 #8 None 
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26 06 00 SCHEDULES FOR ELECTRICAL 
 

Table 26.IV gives a list of the components mentioned above, along with the page numbers on 
which their datasheets can be found. 

 
Table 26.IV.  Components list 

Component Manufacturer Model Qty Datasheet Page(s) 
PV Module BP Solar BP 7185S 40 246–247 
Combiner Box OutBack Power Systems PSPV 4 248 
Charge Controller OutBack Power Systems MX60 4 249–250 
4-Pole GFPD Xantrex PVGFP4 1 251 
Battery Interstate Batteries U1850HC 16 252 (MSDS: 253–254) 
Inverter OutBack Power Systems VFX3648 2 255–256 
Generator John Deere AC-G5000S 1 257–258 
DC Enclosure OutBack Power Systems FW1000-DC 1 259–260 
AC Enclosure OutBack Power Systems FW1000-AC 1 259–260 
15-A DC Breaker OutBack Power Systems OBB-15-125VDC-DIN 20 261 
60-A DC Breaker OutBack Power Systems OBB-60-125VDC120VAC-PNL 4 262 
80-A DC Breaker OutBack Power Systems OBB-80-125VDC-PNL 4 262 
250-A DC Breaker OutBack Power Systems OBB-250-125VDC-PNL 2 262 
175-A DC Breaker OutBack Power Systems OBB-175-125VDC-PNL 2 262 
2P/20-A AC Breaker Square D QOU220 1 263 
60-A AC Breaker Square D QOU160 4 263 
20-A AC Breaker OutBack Power Systems OBB-20-120VAC-DIN 17 262 
30-A AC Breaker Square D QOU130 1 263 
20-A AFCI Breaker TBD TBD 2 -- 
2P/15-A AC Breaker OutBack Power Systems OBB-15D-240VAC-DIN 1 262 
2P/40-A AC Breaker Square D QOU240 2 263 
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26 30 00 FACILITY ELECTRICAL POWER GENERATING AND 
STORING EQUIPMENT 

 
26 33 00 BATTERY EQUIPMENT 
 
26 33 17 Battery Compartment Spill Control and Neutralization 
 

The Spill Control Barrier System from Acran, Inc. will be used for spill control and neutralization in 
the battery compartment. Specifications of the system and its MSDS are given on pages 265–275. 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 265 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 266 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 267 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 268 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 269 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 270 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 271 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 272 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 273 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 274 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 275 

 
 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 276 

26 50 00 LIGHTING 
 
26 51 00 INTERIOR LIGHTING 
 
26 51 13 Interior Lighting Fixtures, Lamps, and Ballasts 
 

The following lighting fixture schedule shows all the interior lighting. Manufacturing specifications 
and installation instruction are also included in this section.  
 

No.  NAME LOCATION 
QUA-
NTITY LAMP 

WATT-
AGE PRODUCT 

MANUFAC-
TURER 

CATALOGUE 
NUMBER 

FINISH 
COLOR 

A_fixture 
Ambient light 
fixture 

above 
heating/cooling 
panels in all 
modules 14     

36 inch SM 
series 

American 
Flourescent SM130RSE8 White 

A_tube 
Ambient light 
tube   14 T8 32 

Philips 
Advtange T8 Philips 20488-3  

B_fixture
_living 

Under shelf 
living 

above desk in 
living room 1 L.E.D 6 

TSM 24 1/2" 
Black Orion 
LED Under 
Cabinet Light TSM 71896 Black 

B_fixture
_kitchen 

Under 
cabinet 
kitchen 

above kitchen 
counter 1 L.E.D 12 

48 1/2" White 
Orion LED 
Under Cabinet 
Light TSM 60268 White 

B_fixture
_bath 

Under 
cabinet bath 

in medicine 
cabinet 1 L.E.D 2.5 

9 1/2" White 
Finish Orion 
LED Under 
Cabinet Light TSM 60035 White 

B_fixture
_driver 

Under 
cabinet 
adapter   3     

TSM Orion 18 
Watt Wall 
Plug In LED 
Driver TSM 22500 Black 

C_fixture 
Pendant 
Light Living Room 5       Lightolier FS02 

Satin 
Aluminum 

C_bulb 
Pendant 
Light bulb Living Room 5 

4-Pin 
Tube 13 

Philips PL-C 
Cluster 4-Pin 
Base Philips 

383257 to 
383356   

D_fixture Bed Light Bedroom 1     
Soli T5-Acrylic 
Diffuser 3 foot Lightolier 48022ALU 

metallic 
aluminum 

D_bulb 
Bed Light 
bulb Bedroom 1 T5 21 

Philips 
Silhouette T5 Philips 23077 to 23086   

E_fixture Mirror Light bathroom 2     
Alice Bullnose 
Diffuser 2 foot Lightolier 46824PC 

polished 
chrome 

E_bulb 
Mirror Light 
bulb bathroom 2 T8 17 

Philips F17T8 
bulb Philips F17T8 TL835   

F LED trellis 

in trellis tube 
(indoor part, 
4/tube x 21 
tubes) 84   0.5 

Modular 
lighting 
system Borealis   

light color 
(lemon) 
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A. Ambient light (fixture)  
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A. Ambient light (tube) 
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B. Under shelf light in living unit 
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B. Under cabinet light in kitchen unit 
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B. Under cabinet light in bath 
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B. Under cabinet light adapter  
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C. Pendant light (fixture) 
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C. Pendant light (bulb) 
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D. bed light (fixture) 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 289 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 290 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 291 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 292 

 



SOLAR DECATHLON 2007 
UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
SPECIFICATIONS 293 

D. Bed light (bulb) 
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E. Bathroom mirror light (bulb) 
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F. Trellis LED light 
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26 56 00 EXTERIOR LIGHTING 
 
26 56 23 Area Lighting 
 

The following lighting fixture schedule shows the exterior lights on the deck, in the trellis and on 
the roof. Manufacturing specifications and installation instruction are also included in this section. The 
specifications of trellis lights are shown in section 26 51 13 (interior lighting).  
 

No.  NAME LOCATION 
QUAN-
TITY LAMP 

WATT-
AGE PRODUCT 

MANUFAC-
TURER 

CATALOGUE 
NUMBER 

FINISH 
COLOR 

F LED trellis 

in trellis tube 
(outdoor part, 
6/tube x 12 
tubes) 72   0.5 

Modular 
lighting 
system Borealis   

light color 
(lemon) 

G Deck Light 
on south 
elevation 6     

Indoor/ourd
oor wall, 
lumiquad 
rectangle Lightolier 6580 

White, 
Lexan 

G 
Deck Light 
bulb 

on south 
elevation 6 

2-Pin 
Twin CF 13 

Philips PL-
C Cluster 2-
Pin Base Philips 

383141 to 
383240   

H 

Roof Light 
(Self-
powered) 

on the roof, 
beneath the 
panel (2 light 
per module) TBD     

Integral 
Solar 
Spotlight - 3 
Pack 

SolarLight 
Store IMC 044   

 
Please note that quantities of self-powered lights will be determined based on their watt-hour capacity. 
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G. Deck light 
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H. Self-powered roof light  
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26 56 26 Landscape Lighting 
 

The following lighting fixture schedule shows the landscape light, which is installed in the planter 
boxes. Manufacturing specifications and installation instruction are also included in this section. 
 

No.  NAME LOCATION 
QUA-
NTITY LAMP 

WATT-
AGE PRODUCT 

MANUFA-
CTURER 

CATALOGU
E NUMBER 

FINISH 
COLOR 

I 

Landscape 
Light (Self-
powered) 

Inside the 
planter boxes 
pathway TBD     

Laurel In-
Ground 
Solar Light 

SolarLight 
Store SCL012   

 
Please note that quantities of self-powered lights will be determined based on their watt-hour capacity. 
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I. Self-powered landscape light 
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26 56 33 Walkway Lighting 
 

The following lighting fixture schedule shows the exterior lights along the ramp and entrance 
walkway. Manufacturing specifications and installation instruction of the ramp light are included in this 
section. See section 26 56 26 (Landscape Lighting) for specification of the walkway light.  
 

No.  NAME LOCATION 
QUAN-
TITY LAMP 

WATT-
AGE PRODUCT 

MANUFACT-
URER 

CATALOGU
E NUMBER 

FINISH 
COLOR 

J 

Ramp 
Light 
(Self-
powered) on railings TBD     

Lighthouse 
Solar Post Light 

SolarLight 
Store UA 021   

I 

Walkway 
Light 
(Self-
powered) 

Along the 
entrance 
pathway TBD     

Laurel In-
Ground Solar 
Light 

SolarLight 
Store SCL012   

 
Please note that quantities of self-powered lights will be determined based on their watt-hour capacity. 
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J. Self-power ramp light 
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27 00 00 COMMUNICATIONS 
 
 
27 01 00  OPERATION AND MAINTENANCE OF COMMUNICATIONS 
SYSTEMS 
 
 Operation and maintenance of the communications systems will be easy for the residents of the 
house. All of the devices selected come with an in-depth user’s manual along with technical support via 
online use or telephone.  
 
27 01 20 Operation and Maintenance of Data Communications 
 
 For desktop support contact Dell™ at 1-888-236-3355. This service is open 24 hours a day, 7 days 
a week. For other options, please refer to http://support.dell.com/support/ . 
 
27 01 30 Operation and Maintenance of Voice Communications 
 
 For re-installation of the Skype™ Telephone, see the instructions below or refer to the following 
link 
 
http://www.linksys.com/servlet/Satellite?c=L_Product_C2&childpagename=US%2FLayout&cid=1153780876066
&pagename=Linksys%2FCommon%2FVisitorWrapper&lid=7606639789B70  
 
For product installation and user guide, refer to the following page. 
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Below are simple tasks that can be performed on the Skype Phone. These directions are directly 
taken from user’s manual for the telephone. 
 
 

Making Skype Calls 
 
Calling a Landline Number with SkypeOut 
SkypeOut calls require SkypeOut credits. To purchase these credits, go to www.skype.com. 
1. Dial the landline number you want to call. 
2. Press the skype key. 
 
Calling a Skype Contact 
1. During standby mode, press the skype key, or press up or down on the navigation pad. 
2. The Skype contact list will appear. An icon next to each contact indicates its online status. Use 
the navigation pad to select the contact you want. If you want to search by letter, use the 
handset’s keypad to enter the first letter of the name you want. When a contact is highlighted, 
select PROFILE to view the contact’s information, such as name, online status, language, 
birthday, gender, home number, office number, mobile number, address, and time. 
3. After you have selected the appropriate contact, press the Call key. 
 
NOTE: For SkypeOut calls, dial 00, 011 or + as a prefix followed by the country code, area code 
and phone number. 
Example:  
To call the number 905-555-6622 in North America, where the country code is “1”, you can dial 
0019055556622 or, 01119055556622 or, +19055556622. 
 
NOTE: This is the contact list of the user who is currently logged into Skype on the PC. 
 
Making a Second Skype Call 
You can put your Skype call on hold and make a second Skype call, through your contact list or 
SkypeOut. 
1. While on a Skype/SkypeOut call, press the Call key to access the other line. 
2. You will hear a dial tone. To call another Skype contact, proceed to step 3. To call a landline 
number through SkypeOut, go to step 7. 
3. Press the skype key, or press up or down on the navigation pad. 
4. The Skype contact list will appear. Use the navigation pad to select the contact you want. 
5. Select PROFILE. 
6. Press the Dial key. Proceed to step 8. 
7. Dial the landline number you want to call. 
8. To toggle between the two calls, press the Call key. 
 
Ending a Skype Call 
Press the Power or End Call key, or place the handset on the charger. 
 
Rejecting an Incoming Skype Call 
Press the Power or End Call key, or place the handset on the charger. 
 
Answering an Incoming Skype Call 
When you receive a Skype call, the handset will ring the selected Skype melody (refer to the 
“Customizing the Handset” section), and the Skype Call in Progress icon will flash. The display 
screen will show the display name and Skype ID of the caller or the number of the call (if it is a 
SkypeIn call). To answer, press the Call key. 
 
 
Answering a Second Incoming Skype Call 
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When there is a second incoming Skype call while you are on the first Skype call, you will hear a 
call waiting tone. To pick up the second incoming call, press the Call key. Your current Skype call 
will be put on hold. To toggle between the two calls, press the Call key. 

 
27 01 40 Operation and Maintenance of Audio-Video Communications 
 
 For maintenance and technical support for the television, please contact Astar Electronics™ at: 
 
  Support Phone Number: 626-851-2528 

Support Email: support@astarelectronics.com 
 

The television remote needs 2 AA batteries to function. 
 
 
27 20 00 DATA COMMUNICATIONS 
 
27 22 00 DATA COMMUNICATIONS HARDWARE 
 
27 22 23 Data Communications Desktops 
 

The desktop computer will be a Dell Energy Smart Enable Optiplex 745 Small Form Factor. This 
computer helps in saving power along with providing all the capabilities required in the house. It includes 
an Intel® Core™ 2 Duo Processor with Windows® XP for an operating system. Memory consists of 
512MB SDRAM and 160 GB of hard drive space for audio, video, and file storage. It is also equipped with 
a video card, sound card, speakers, DVD read and write, and a 17” monitor. Apart from the everyday 
uses, this computer will also be used for communication with voice over IP and data monitoring systems.  
 

 
 
 
27 24 00 DATA COMMUNICATIONS PERIPHERAL DATA 

EQUIPMENT 
 
27 24 23 Audio-Video Devices 
 

The above computer is equipped with standard speakers that can be used for audio. 
 

The video device is a power saving television and DVD combination. It is the ASTAR LTV-20SD 
20" LCD TV with DVD Player. It comprises a 20” flat panel LCD. The power consumption on standby is 
less than 3W, and maximum power consumption is 66W. The total dimensions of the television DVD 
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combo are 24" x 18.75" x 7.25". A remote control is included in the television set, which will require 2 AA 
batteries. 

 
 
 

27 30 00 VOICE COMMUNICATIONS 
 
27 32 00 VOICE COMMUNICATIONS TELEPHONE SETS, 

FACSIMILES AND MODEMS 
 
27 32 13 Telephone Sets 
 
 The telephone set will use Skype, which is a voice-over-IP service. The house will have an actual 
phone that will connect to the household computer. The phone is wireless and can be used anywhere 
inside the house as long as it is charged. The Linksys CIT300 Dual-Mode Internet Telephony Kit, which 
can support Skype, SkypeOut™, SkypeIn™ and Skype Voicemail™, will be used. 
 

  
27 33 00 VOICE COMMUNICATIONS MESSAGING 
 
27 33 16 Voice Mail and Auto Attendant 
 

Skype Voicemail™, in conjunction with the Skype telephone, will provide voicemail. 
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28 00 00 ELECTRONIC SAFETY AND SECURITY 
 
 

28 30 00 ELECTRONIC DETECTION AND ALARM 
 
28 31 00 FIRE DETECTION AND ALARM 
 
 Section 4.1.2 of the 2007 Solar Decathlon Rules and Regulations only requires the house to be 
equipped with smoke alarms. 
 
28 31 46 Smoke Detection Sensors 
 

The three smoke alarms that will be used in the house and the battery box are as follows: 
 

1. Kidde 120VAC Photoelectric Smoke Alarm, Model PE120E (datasheet on pages 315-316) 
2. Kidde Wireless AC Powered Smoke Alarm, Model RF-SM-AC (datasheet on pages 317-318) 
3. Kidde Wireless Battery Powered Smoke Alarm, Model RF-SM-DC (datasheet on pages 317-318) 

 
The PE120E will be placed in the dining room, within 21 feet of the bedroom door, as per NFPA 

72. Since it is also within 20 feet of cooking appliances, as per NFPA 72, it is of photoelectric type. 
 
 The RF-SM-AC will be hardwired to the PE120E and placed in the bedroom, more than 36 inches 
away from the bathroom door, as per NFPA 72. 
 
 The RF-SM-DC will be placed in the battery box. The RF-SM-DC and the RF-SM-AC are 
wirelessly connected. In other words, all the three smoke alarms are interconnected and will sound at the 
same time. The reason behind using the RF-SM-DC in the battery box is to avoid running wires from the 
house. 
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32 00 00 EXTERIOR IMPROVEMENTS 
 
 

32 90 00 PLANTING 
 
32 93 00 PLANTS 
 
32 93 23 Plants and Bulbs 
 

The solar house is located in the center of the designated lot surrounded by landscaped areas 
with prairie plants. Not only prairies are native to Illinois, but also, at one time, prairies dominated over 
60% of the landscape of Illinois. They are well suited for the locale and have traits such as cold hardiness 
and tolerance for drought or inundation. 
 

The north side of the solar house has an entry garden. The garden is a demonstrative garden 
which mimics Illinois’s horizontal landscape by using plant materials, such as Indian grass, switch grass, 
and little bluestem. There are a recreational garden and a vegetable garden on the south side. The 
recreational garden surrounds the outdoor deck area. By using colorful flowering prairie plants, the 
garden aims to create an attractive outdoor activity area. The vegetable garden provides space to grow 
herbs and vegetables. 
 
 Please refer to the quote on page 320 for a list of the plants that will be used. 
 
 
32 94 00 PLANTING ACCESSORIES 
 
32 94 33 Planters 
 

No direct digging and planting will happen on site. Flower pots with plants will be transported 
to site during the competition. Wood planter boxes with minimum footprint on the ground are being 
designed to hold the flower pots. The planter boxes will be filled with wood chips to cover the pots. 
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APPENDIX STAMPED STRUCTURAL CALCULATIONS 
AND DRAWINGS 

 
 
 The stamped structural calculations are appended to the following pages. 


