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SUMMARY OF CHANGES

Significant changes to the project manual that have occurred between submissions have been outlined below.
The Construction Drawings should also be reviewed for relevant revisions.

11.20.2012 REVISION
The Project Manual has been updated from the previous issue. Revisions include:

e Updated Rules Compliance Checklist
e Added Section 02 43 13.13 Building Relocation to Construction Specifications

02.14.2013 REVISION
The Project Manual has been updated from the previous issue. Revisions include:

e Updated Construction Specifications
e Added Section 08 50 00 Windows
e Added Section 09 29 00 Gypsum Board
e Added Section 09 30 00 Tiling
e Added Section 09 90 00 Painting and Coating
e Added Section 10 28 00 Toilet, Bath, and Laundry Accessories
e Updated Energy Analysis
e Updated Structural Calculations
e Updated Product Data Sheets
e Added Appendix C, Administrative Modification
e Updated Rule Compliance Checklist

08.22.2013 REVISION
The Project Manual has been updated from the previous issue. Revisions include:

e Updated Rules Compliance Checklist

e Updated Structural Calculations

e Updated Detailed Water Budget

e Updated Summary of Reconfigurable Features

e Updated Interconnection Application Form

e Updated Energy Analysis Results and Discussion

e Updated Quantity Takeoff of Competition Prototype
e Updated Construction Specifications

e Updated Administrative Modifications

U.S. D.O.E. Solar Decathlon 2013 Summary of Changes | Page 4
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RULES COMPLIANCE CHECKLIST

RULE
RULE DESCRIPTION LOCATION DESCRIPTION LOCATION
Rule 4-2 Construction Drawing(s) showing the assembly and CD: 0-101, 0-102, 0-103,
Equipment disassembly sequences and the movement 0-104, 0-105, 0-106
of heavy machinery on the competition site
Rule 4-2 Construction Specifications for heavy machinery PM: 0243 13.13
Equipment
Rule 4-3 Ground Drawing(s) showing the locations and depths CD: C-101
Penetration of all ground penetrations on the
competition site
Rule 4-4 Impact within the Drawing(s) showing the location, contact CD: Cc-101
Solar Envelope area, and bearing pressure of every
component resting directly within the solar
envelope
Rule 4-5 Generators Specifications for generators (including NA
sound rating)
Rule 4-6 Spill Containment  Drawing(s) showing the locations of all H-101
equipment, containers, and pipes that will
contain liquids at any point during the event
Rule 4-6 Spill Containment  Specifications for all equipment, containers, PM: 22 05 00, 22 05 13,
and pipes that will contain fluids at any point 7 o5 23, 22 13 16,
during the event 223300, 23 05 23,
232113,232123,
2356 13.13,23 8146
Rule 4-7 Lot Conditions Calculations showing that the structural PM: Structural Calculations
design remains compliant even if 12 in.
(30.48 cm) of vertical elevation change exists
Rule 4-7 Lot Conditions Drawing(s) showing shimming methods and  CD: S-502, S-512, S-521
materials to be used if 12 in. (30.48 cm) of
vertical elevation change exists on the lot
Rule 5-2 Solar Envelope Drawing(s) showing the location of all house  CD: A-101. A-201, A-202
Dimensions and site components relative to the solar
envelope
Rule 5-2 Solar Envelope List of solar envelope exemption requests PM: Administrative

Dimensions

accompanied by justifications and drawing
references

Modification

U.S. D.O.E. Solar Decathlon 2013

Rules Compliance Checklist | Page 6
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Rule 6-1 Structural Design  List of, or marking on, all drawing and PM: Structural Calculations
Approval project manual sheets that will be stamped  ¢p: 5-001 through S-901
by the qualified, licensed design professional
in the stamped structural submission; the
stamped submission shall consist entirely of
sheets that also appear in the drawings and
project manual
Rule 6-2 Finished Square Drawing(s) showing all information needed CD: A-111, G-101
Footage by the rules officials to measure the finished
square footage electronically
Rule 6-2 Finished Square Drawing(s) showing all movable components NA
Footage that may increase the finished square
footage if operated during contest week
Rule 6-3 Entrance and Exit  Drawing(s) showing the accessible public CD: G-103
Routes tour route
Rule 7-1 Placement Drawing(s) showing the location of all CD: A-101
vegetation and, if applicable, the movement
of vegetation designed as part of an
integrated mobile system
Rule 7-2 Watering Drawing(s) showing the layout and operation NA
Restrictions of greywater irrigation systems
Rule 8-1 PV Technology Specifications for photovoltaic components CD: E-601
Limitations
Rule 8-3 Batteries Drawing(s) showing the location(s) and NA
guantity of all primary and secondary
batteries and stand-alone, PV-powered
devices
Rule 8-3 Batteries Specifications for all primary and secondary NA
batteries and stand-alone, PV-powered
devices
Rule 8-4 Desiccant Drawing(s) describing the operation of the NA
Systems desiccant system
Rule 8-4 Desiccant Specifications for desiccant system NA
Systems components
Rule 8-5 Village Grid Completed interconnection application form  PM: Interconnection

U.S. D.O.E. Solar Decathlon 2013

Application Form
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Rule 8-5 Village Grid Drawing(s) showing the locations of the CD: A-101, A-111, A-201,
photovoltaics, inverter(s), terminal box, A-202, A-211, E-101, E-106,
meter housing, service equipment, and E-201, G-103
grounding means
Rule 8-5 Village Grid Specifications for the photovoltaics, PM: 26 24 16, 26 27 13,
inverter(s), terminal box, meter housing, 263100, 48 19 19
service equipment, and grounding means
Rule 8-5 Village Grid One-line electrical diagram CD: E-601
Rule 8-5 Village Grid Calculation of service/feeder net computed CD: E-603
load per NEC 220
Rule 8-5 Village Grid Site plan showing the house, decks, ramps, CD: A-111
tour paths, and terminal box
Rule 8-5 Village Grid Elevation(s) showing the meter housing, CD: A-201, A-211
main utility disconnect, and other service
equipment
Rule 9-1 Container Drawing(s) showing the location of all liquid  CD: P-101, P-102, P-103
Locations containers relative to the finished square
footage
Rule 9-1 Container Drawing(s) demonstrating that the primary CD: P-101, P-102, P-103
Locations supply water tank(s) is fully shaded from
direct solar radiation between 9 a.m. and 5
p.m. PDT or between 8 a.m. and 4 p.m. solar
time on October 1
Rule 9-2 Team-Provided Quantity, specifications , and delivery date(s) PM: Detailed Water Budget
Liquids of all team-provided liquids for irrigation,
thermal mass, hydronic system pressure
testing, and thermodynamic system
operation
Rule 9-3 Greywater Reuse  Drawing(s) showing the layout and operation NA
of greywater reuse systems
Rule 9-4 Rainwater Drawing(s) showing the layout and operation CD: L-101
Collection of rainwater collection systems
Rule 9-6 Thermal Mass Drawing(s) showing the locations of liquid- NA
based thermal mass systems
Rule 9-6 Thermal Mass Specifications for components of liquid- NA
based thermal mass systems
Rule 9-7 Greywater Heat Drawing(s) showing the layout and operation NA

U.S. D.O.E. Solar Decathlon 2013

Recovery

of greywater heat recovery systems
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Rule 9-8 Water Delivery Drawing(s) showing the complete sequence  CD: 0-107, 0-108
of water delivery and distribution events

Rule 9-8 Water Delivery Specifications for the containers to which PM: Manufacturer’s
water will be delivered Specifications

Rule 9-9 Water Removal Drawing(s) showing the complete sequence  CD: 0-109, 0-110
of water consolidation and removal events

Rule 9-9 Water Removal Specifications for the containers from which ~ PM: Manufacturer’s
water will be removed Specifications

Rule 11-4  Public Exhibit Interior and exterior plans showing entire CD: G-103

accessible tour route

U.S. D.O.E. Solar Decathlon 2013 Rules Compliance Checklist | Page 9



03 STRUCTURAL CALCULATIONS



a1
m ECHO by TEAM ONTARIO As-Built Project Manual

STRUCTURAL CALCULATIONS

Please see Appendix A for structural calculations.
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DETAILED WATER BUDGET

WATER USE CALCULATIONS

FUNCTION (GALLONS) Gallons Events NOTES

Hot Water Draw 240 15 16 16 draws of 15 gallons each

Water Vaporization 6 1 6  Must start the competition with minimum
of 6 Ibs (0.72 gallons) of water

Dishwasher 20 4 5 Based on a4 gallon cycle for 5 events

Clothes Washer 96 12 8 Basedona 12 gallon cycle for 8 events

Dinner Party 14 7 2  Based on a7 gallon requirement for 2
events

Movie Night 5 5 1 Basedon a5 gallon requirement for 1
event

Vegetation 75 5 15 5 gallons per day for 15 days

Fire Protection 294 294 1 2 sprinklers running at 21 gpm each for 7
minutes

Testing 50 50 1 Estimate

Initial Systems Fill 250 250 1 120 gallon tank and 45 gallon for pipe bleed
and fill

Water Feature Fill 254 254 1  1fill of the exterior water feature on the
West end of the house

Subtotal 1304

Safety Factor 196 15% of subtotal

Water Required 1500

U.S. D.O.E. Solar Decathlon 2013 Detailed Water Budget | Page 13
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SUMMARY OF UNLISTED ELECTRICAL COMPONENTS

All electrical components in Team Ontario’s Solar Decathlon 2013 house, ECHO, carry an approved testing
agency’s listing per Section 6-7 of the SD2013 Building Code.
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SUMMARY OF RECONFIGURABLE FEATURES
ECHO is equipped with several reconfigurable features.

The reconfigurable features within ECHO include the following:
e Dining Room Table
e  Multi-Use Room Configurable Bed/Desk
e Master Bedroom Configurable Bed/Sofa
e Retractable Clothes Line
e  Window Shading System
e Interchangeable Heat Recovery Ventilator (HRV) and Energy Recovery Ventilator(ERV)

DEMONSTRATION OF RECONFIGURABLE FEATURES FOR JURY

Dining Room Table
The dining room table can be extended to seat extra guests when needed. Feature can be seen on drawing A-
401.

Multi-Use Room Configurable Bed/Sofa

The bed unit changes from a bed to a functional sofa. The operation of this will be demonstrated during the
jury walk through. The location of the bed can be seen in drawings A-405. The configurations of the bed can be
seen on in the Construction Document drawings on page A-406.

Master Bedroom Configurable Bed/Sofa
The bed will fold up to a sofa. The bed will be in the down position during the walk-through. Details for this
component can be reviewed in the Construction Document drawings on page A-405.

Retractable Clothes Line
There is a retractable clothes line that spans the middle opening of the exostructure. Details for this
component can be reviewed in the Construction Document drawings on page A-401.

Window Shading System

ECHO incorporates an exterior predictive window shading system that will close when necessary to properly
block unwanted solar thermal gains in the home. Since this system is automated it is not feasible to fully
demonstrate live to each juror or visitor to the home. Details for this component can be reviewed in the
Construction Document drawings on page A-212, drawing Al.

Interchangeable HRV/ERV

ECHO incorporates an interchangeable HRV/ERV to allow for the investigation for frost migration strategies. A
more detailed description of the system can be seen in the Energy Analysis section 07 HVAC Modeling. During
the competition the ERV will be used to condition ventilation air. Although the heat exchange core will likely
not be swapped during the competition, the feature will be displayed and discussed during the pedestrian walk
through and the Juried walkthrough.

U.S. D.O.E. Solar Decathlon 2013 Summary of Reconfigurable Figures | Page 17
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INTERCONNECTION APPLICATION FORM

Team Ontario — Lot 120

PV SYSTEM

MODULE

MANUFACTURER SHORT DESCRIPTION OF ARRY DC RATING OF ARRAY (kW)

Eclipsall Energy 30 x 260W NRG60M PV modules. Each module 7.8
is connected to a microinverter.

Total DC power of all arrays is 7.8 kW (in tenths)

INVERTERS

INVERTER MODEL NUMBER VOLTAGE (V) RATING (kW) QUANTITY

MANUFACTURER
SPARQ Systems S215NA2240 240 0.215 30

Total AC power of all inverters is 7 kW (in whole numbers)

REQUIRED INFORMATION

LOCATION

One-line electrical schematic E-601

Calculations of service/feeder net computed load and neutral load (NEC E-603
220)

Plan view of the lot showing the house, decks, ramps, tour paths, the G-103
service point, and the distribution panel or load center

U.S. D.O.E. Solar Decathlon 2013 Interconnection Application Form | Page 19
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ENERGY ANALYSIS RESULTS AND DISCUSSION: OVERVIEW
01 INTRODUCTION
02 APPROACH TO ENERGY ANALYSIS
03 SIMULATION SOFTWARE & WEATHER DATA
04 WHOLE-BUILDING MODELING
INTERNAL GAINS AND LOSSES
PARAMETRIC STUDIES
MODEL COMPARISON
05 PREDICTIVE SHADING
06 HVAC MODELING
SOLAR ASSISTED HEAT PUMP
ENERGY RECOVERY VENTILATOR
CENTRALIZED HVAC SYSTEM
PARAMETRIC STUDIES
07 SUMMARY OF ENERGY TRANSFORMATION

08 REFERENCES
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01 INTRODUCTION

Energy analysis and simulation is an integral component of high performance building design. Opportunities to
reduce energy consumption and increase energy production potential were considered from the initial concept
stage through to design development. Results from these analyses helped inform the design and construction
of ECHO, enabling the creation of a net-positive home — a home that produces more energy than it consumes
on an annual basis.

The design goal of ECHO is to create a home that is appropriate for the climate and lifestyle of young,
sustainably-minded families in Ontario. Ottawa and Kingston experience cold, dark, snowy winters and
moderate-to-hot summers with high humidity. Table 1 compares the space-conditioning degree-days for
Kingston, Ottawa, and Irvine, based on a five-year average from 2008 to 2012 (DegreeDays.net):

Table 1. Heating and cooling degree-days for Kingston, Ottawa, and Irvine

Kingston Ottawa Irvine
Heating degree-days (65°F base) 7039 7859 1527
Cooling degree-days (65°F base) 540 601 1056

ECHO's systems are optimized for Ontario’s heating-dominated climate. This approach requires significant
south-facing glazing to maximize solar gains, high levels of insulation, and a simple shape with few joints
between modules to reduce air infiltration. Ventilation for indoor air quality is controlled through a mechanical
system with heat recovery. In keeping with the target demographic of a young family interested in sustainable
living, the expected number of occupants is 2-3.

Despite the emphasis on high performance in Ontario, ECHO will have to perform well during the competition,
which will be dominated by cooling conditions. This poses particular challenges for a house designed for a
heating-dominated climate, and will require careful management to prevent overheating and excessive
electrical consumption during the competition.

A brief explanation of the Team’s approach to energy analysis is presented in the next section. This is followed
in Section 3 by an introduction to the various software tools used by the team and the weather file inputs.
Sections 4, 5, and 6 outline the method and results for whole building simulation, predictive shading, and the
mechanical systems, respectively. The energy analysis concludes in Section 7 with annual and competition
energy balances, including photovoltaic electrical production.

U.S. D.O.E. Solar Decathlon 2013 Energy Analysis Results and Discussion | Page 24
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02 APPROACH TO ENERGY ANALYSIS

Team Ontario made extensive use of energy modeling to support the integrated design process, which is an
iterative process that requires models to be continually updated as new information becomes available. The
results of energy analysis activities were communicated to the entire team to provide an understanding of the
implications of different design decisions. This iterative approach is shown visually in Figure 1.

Create / Run
modify simulation
model
Evalu;te / Evaluate
modify assumptions
design
Conduct
parametric
studies

Figure 1: The iterative design process

‘Traditional’ building design only incorporates energy simulation after many features have already been
determined, if at all. In high performance building design, however, energy simulation should be utilized as
early as possible to help make informed decisions [2]. Team Ontario used energy simulation at a very early
stage in the design process, making assumptions when detailed information was not available.

Through the iterative design process, models were continually updated as more information became available
and the design evolved. The timeline for this process is shown in Figure 2, for whole-building simulation
modeling. A similar approach was used for modeling of other energy systems, such as solar thermal systems.

U.S. D.O.E. Solar Decathlon 2013 Energy Analysis Results and Discussion | Page 25
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Post-competition

House  my analysis
commissioning,
Detailed monitoring,
, HVAC  model validation —
Detailed loads,
parametric s1zing
studies,
competition
Level of detail / schedules
fid
connidence Refined geometry,
detailed building
envelope Construction
Geometry, assumed
loads, ideal HVAC
system
. Fall/
Spring Early Summer| Late Summer Fall Summer Winter
2012 2012 2012 2012 2013 2013

COMPETITION

Figure 2. Building simulation timeline

As shown in Figure 2, preliminary results were available at an early stage. This helped quantify the relative
impact of different design decisions — even if model performance was not necessarily indicative of the actual
performance of ECHO, once constructed. More detailed models supported the design development stage of
the project, when specific component properties were determined. The commissioning process, during which
actual performance was compared to simulation results, informed the control strategy and helped validate
modeling results. Post-competition analysis, including a ‘lessons learned’ exercise, will conclude the modeling
process.

Energy modeling is a complex and non-linear science, and an understanding of the underlying physics is
essential to proper interpretation of results. Therefore, energy analyses were supported by ‘hand calculations’
where possible, using heat transfer and energy conservation equations. Multiple simulation tools were used to
model the same system and the results were compared. Input from faculty advisors and benchmarking with
known examples of high performance houses further increased confidence that results are reasonable.
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03 MODELING SOFTWARE & WEATHER DATA

The use of software tools to model and predict the performance of ECHO was critical to the success of the
project. It is well-established by rating systems such as Leadership in Energy and Environmental Design (LEED)
that energy analysis software is a major component in the design of high performance buildings [3]. This
becomes especially important when considering the use of atypical systems — for example, when specifying
building envelope insulation values much higher than is usually seen in Canadian housing. Use of these tools is
often not a trivial exercise and requires considerable practice; one benefit of the Solar Decathlon project is the
training and capacity-building conducted by Team Ontario to help prepare the next generation of sustainable
design experts.

The following is a list of related modeling tools used by Team Ontario, with a brief description:

e REVIT 2012 - a powerful, industry-standard Building Information Modeling (BIM) software. It enabled
collaborative work among the architecture team and provided a central repository for information
about the house geometry.

e Google Sketch-up 8 — a free, easy-to-use 3D modeling software. Using the Openstudio plug-in, house
geometry was easily incorporated into the EnergyPlus and TRNSYS models. This allowed the energy
impact of architectural changes to be quickly evaluated.

e EnergyPlus 7.1.0 — a whole-building energy analysis tool. EnergyPlus is an attractive tool in that it is free
to download and use, is well-documented, has a large user base, and can be used to model buildings to
a relatively arbitrary level of complexity. This allowed the design team to model a building at an early
stage of development, when many details were still unknown. This program was used to determine
appropriate geometry and building envelope parameters and to refine the internal gain schedules.

e TRNSYS 17 — ‘Transient Systems Simulation’ is a powerful energy simulation tool. It uses built-in
subroutines to model the transient operation of a wide variety of energy system components, such as
solar thermal collectors, thermal storage and heat pumps, and PV panels. It provides a flexible
modeling environment and gives the user a high level of control over system parameters. TRNBuild, a
TRNSYS plug-in, was also used to create whole-building simulation models that communicate directly
with the TRNSYS mechanical system models.

e Microsoft Excel 2010 — the use of spreadsheet software was critical to evaluate simulation results,
create graphs and charts, and communicate results to the entire team. In particular, energy analysis
templates using pivot tables enabled sensitivity studies to be evaluated quickly and in a standardized
manner.

e PVWatts Version 2 — a web-based photovoltaic performance calculator, used to appropriately size the
PV array based on house energy requirements.

e [BNL WINDOW 6.3 — this tool was used to investigate the performance parameters of different
windows. It was used to help ensure accurate inputs to the building simulation models and to compare
characteristics of different window options.
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e THERM 6.3 — a finite-difference software program used to model the two-dimensional thermal
performance of building envelope components.

e MATLAB R2012B — a high level numerical engine that uses technical programming language to analyze
data, compute algorithms, and create models and applications. It was particularly useful for control
system design and analysis, and system optimization.

Most energy simulation requires the use of representative or typical weather data. For simulations with
TRNSYS and EnergyPlus, a Typical Meteorological Year 2 (TMY2) dataset was used. The competition dataset
was the Santa Ana — John Wayne Airport site. The airport is about 7.5 miles (15 kilometers) from the
competition site in Irvine, California, and is thus assumed to be indicative of weather conditions experienced at
the site. For annual performance modeling in Ontario, Ottawa was chosen over Kingston to add a conservative
bias to energy analysis. As per Table 1, the climate is slightly more extreme in the former, which likely results in
greater heating, ventilation, and air conditioning (HVAC) loads. The climatic difference can be attributed to the
moderating effect of Lake Ontario on the Kingston area.

TMYs are created from analyzing several decades’ worth of weather information. Hourly weather data for each
month are compared to the long-term averages, and the month that most closely resembles those averages —
weighted heavily towards solar radiation and dry bulb temperature — is chosen. Twelve months chosen in this
manner are then concatenated to form a dataset for a full year of hourly weather variables [4]. The simulation
programs interpolate when using sub-hourly timesteps.

To support an ‘apples-to-apples’ comparison of results from TRNSYS and EnergyPlus, the same weather file was
used for each program. For use in EnergyPlus, the TMY file was first processed to ensure the correct format,
using a conversion utility that accompanies the program.
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04 WHOLE-BUILDING MODELING

Whole-building simulation models were developed in EnergyPlus and TRNSYS to determine dynamic space
conditioning loads. The models were used to investigate the impact on loads of different design options, such
as the wall construction, window type, or internal gain levels. The space conditioning loads were also used as
inputs to mechanical system design, as discussed in Section 6.

Initial modeling work for the building design was conducted in EnergyPlus. Output loads were used as inputs to
the TRNSYS models. For some iterations of EnergyPlus modeling, a representative building was constructed in
the TRNSYS simulation environment and the results compared, to gain greater comfort in the accuracy of the
EnergyPlus model. Later in the design process, the TRNSYS building model was directly coupled to the
mechanical systems model.

A distinction is made between annual performance in an Ontario climate and performance specifically during
the competition. Annual schedules (e.g. occupancy, lighting) are based on assumptions of generic behavior,
while competition performance was modeled based on situations that will actually be experienced during the
Solar Decathlon — such as occupancy during specific events and the timing of appliance operation.

Users of TMY files are cautioned against interpreting results for specific days or weeks, as the variability of
short-term weather is significantly greater than long-term averages [4]; thus system performance results are
expected to have a greater potential error for the competition simulation than for the annual simulation.

INTERNAL GAINS AND LOSSES

Internal gains consist of heat and moisture additions to the house and tend to reduce HVAC loads in the
heating season and increase HVAC loads in the cooling season. Sources of internal gains include:

° Occupants

. Lights

° Appliances

. Miscellaneous electronics

Additionally, air infiltration through cracks in the building envelope plays a significant role in building loads. A
relatively air-tight construction was assumed; blower-door testing after construction can validate this
assumption for as-built simulation models.

There are two main variables to consider with internal gains: the magnitude of the gain and the schedule. At
the early stages of design, ‘indicative’ values were determined through a literature review [5] [6]. These values
are shown in Table 2.
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Table 2. Base model annual plug-related load

Annual Energy

Electrical Power Heat Gain®

Use (kWh)
Btu/hr w Btu/hr w
Lights 1706 500 1706 500 886 ~5 W/m?’
Oven/Range 8670 2541 8760 2541 528 Latent fraction: 0.3
Dishwasher 1686 494 1266 371 155 Latent fraction: 0.15
Dryer 10148 2974 2030 595 472 Latent fraction: 0.05
) Always on

Fridge/Freezer 143 42 143 42 368 Latent fraction: 0
Washing 1617 474 1293 379 75 Latent fraction: 0
Machine

Fraction lost: 0
TV 925 271 925 271 182 .

Latent fraction: 0.1

Includes monitoring
Misc. and control
Appliances 1283 376 1283 376 1563 equipment

Latent fraction: 0.1

The schedule refers to the time and day in which the gains are present. As appliance and lighting use in houses
is primarily a function of occupant-specific variables, such as occupant behavior and demographic conditions
[7], it is difficult to say, a priori, that one specific schedule is more accurate than another.

Therefore, a ‘keep it simple’ approach to scheduling was taken, where appliance use remains constant
throughout the year — e.g., the washing machine is used at the same times every week. To represent Team
Ontario’s holistic approach to sustainability, it is assumed that the occupants are energy-conscious and seek to
minimize wasteful energy use, such as leaving lights on when they are not home. This approach is supported by
innovations such as the mobile application, which allows users to control the house remotely, and the
predictive shading system, which automates the use of window shades to reduce unwanted solar gain.

Other gains and losses include, on an annual basis:

. People: 2 people absent from 9:00 AM - 6:00 PM every day. 341 Btu/h (100 W) per person, 60%
sensible.

. Air ventilation rate of 59 cfm (28 L/s) as per the requirements of ASHRAE 62.2. An HRV with an
overall effectiveness of 75% was assumed.

. Infiltration: ‘constant’ infiltration set to 0.85 air changes per hour, or ~14.8 — 17 cfm (~7-8 L/s)?.

! Some appliances do not convert their entire electric load into heat gain, as they vent or drain to the outdoors.
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PARAMETRIC STUDIES

A parametric study, also referred to as a sensitivity analysis, involves conducting a series of simulations while
changing one input variable at a time, to observe the change in output that can be attributable to the chosen
variable. To determine limits of performance, the parameter in question is set to either 0 or a very high value.
In other cases it is used to determine the point at which diminishing returns set in — for example by incremental
increases in the thermal resistance of the walls.

These studies were conducted at various stages of model development. The final models were developed in
steps, or iterations, with each iteration adding more detail and accuracy. Iteration details for the building
model are shown in Table 3.

Table 3. List of building model iterations

Iteration # Notes

1 Simple Geometry
Added Exostructure
Added Ventilation & Infiltration

Added Internal Gains and Lighting

Added ERV and Economizer Bypass
Added Humidity Controls and Refined Geometry

2
3
4
5 Added Shading Schedules and Setpoints
6
7
X

To be developed after commissioning/competition

Early building models utilized an ‘ideal’ space conditioning system, which precisely matched the load without
consideration for how the system moved heat. Later models utilized more realistic HVAC components to
better-understand system efficiencies and transient effects.

The following parametric study results refer to the latest model iteration as noted in the above table, unless
otherwise noted.

? Infiltration was set to constant in the building model but varies slightly throughout the yearly simulation
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Building Envelope

Building envelope parametric studies primarily involve modifying the thermal resistance of the walls, roof, and
ceilings. The impact on heating and cooling loads, expressed as a percentage deviation from a base case in
Ottawa, is shown in Figure 3, Figure 4, and Figure 5. The base case model thermal resistance was R-50, R-60,
and R-50 for the roof, walls, and floor, respectively.
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Figure 5. Effect of changing floor thermal resistance

In the preceding three cases, a recurring trend in HVAC loads is observed when varying the thermal resistivity
of the building envelope. Increasing the R-value of envelope components decreased the heating load and
increased the cooling load. In Ottawa, this has the effect of increasing the overall energy savings of the house,
but could contribute to overheating issues during the competition.

This trend is not linear, as further increasing the R-value from the base case gives increasingly diminishing
returns. Hence, the floor and roof in ECHO are designed to achieve an R-value of 50, and the walls an R-value of
60.

Interior Thermal Mass

The use of materials with a high heat capacity can ‘smooth out’ fluctuations in temperature and significantly
reduce space conditioning loads. This concept has been used throughout human history, such as in adobe
buildings (Kennedy, An overview of natural building techniques). Often in North America this refers to the use
of concrete as a building material. This approach was rejected by Team Ontario due to concerns with weight
and cracking during shipping, potential additional complications during the construction process, and
environmental concerns over the concrete manufacturing process.

A more moderate approach using high thermal mass interior finishes was considered — specifically for the
kitchen floor tiles on the south side of the house. However, modeling indicated that changing this material had
essentially no impact on loads. Furthermore, this approach is very sensitive to occupant behavior, such as
location a table or an area rug over the floor material in question. Therefore the use of thermal mass as an
energy feature was not used as a principle design consideration, and the choice of interior finishes was
primarily driven by considerations of interior design and environmental sustainability.
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Exostructure

One of the most distinct exterior features of ECHO is the exostructure shown in Figure 6, which provides a
racking surface for the PV and solar thermal systems, acts as an overhang for passive shading purposes, and
provides additional architectural elements to the house fagade.

Figure 6. South facade of ECHO

The base height and horizontal distance of the exostructure from the south wall were varied to explore the
impact on loads. From the base height of 10.2 ft (3.1 m), the impact of varying height is shown in Figure 7; as
expected, increasing the height reduces the amount of shading on the windows throughout the year, resulting
in a slightly lower heating load and a slightly higher cooling load.
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Figure 7. Effect of varying exostructure height
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The positioning of the exostructure relative to the building was also investigated. The horizontal distance from
the south wall was varied from a base 8.2 ft (2.5 m). Changing the distance to between 1.6 ft (0.5 m) and 13.1 ft
(4 m) from the south wall indicated no appreciable impact on building loads.

Windows

Window parametric studies included modifying the solar heat gain coefficient (SHGC) and U-factor. The base
model parameters were 0.579 and 0.143 Btu/hr-sf-°F (0.812 W/(m?’-K)), respectively. Parametric studies
indicated that increasing the SHGC and U-factor would decrease heating loads. The impact on cooling was
inconclusive.

Infiltration Rate

The initial air infiltration rate was set to 0.85 ACH. As demonstrated in Figure 8, an increased air infiltration rate
significantly increases heating loads. This unsurprising result reinforces the need to construct as tight an
envelope as possible, and to follow construction with a blower-door test.

An increased infiltration rate also modestly reduces cooling loads. This result highlights a potential for free-
cooling under certain conditions by increasing ventilation rates.
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Figure 8. Effect of varying air infiltration rate

MODEL COMPARISON

Although the majority of sensitivity analysis was conducted on the EnergyPlus models, representative models
were also constructed in the TRNBuild plug-in for TRNSYS 17. These models were created to provide a basis for
comparison, potentially increasing confidence in model results. A comparison of the ideal heating and cooling
loads for the models are shown in Figure 9 and Figure 10.
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These results demonstrate good agreement between model results for daily heating loads. Daily cooling loads
were less accurate, with EnergyPlus exhibiting more extreme events — i.e., more days of almost no cooling load
or a very high cooling load as compared to the TRNSYS model.

Estimated annual loads are shown in Table 4. Interestingly, the cooling loads are closer in value, despite the
heating loads demonstrating a greater daily correlation as measured by the coefficient of determination (R?
value). Annual heating and cooling loads are within 14% and 3%, respectively. The maximum air conditioning
rate shows similar agreement; values are within 12% and 7% of each other for heating and cooling,
respectively.

Table 4. Comparison of TRNSYS and EnergyPlus annual space conditioning requirements

Annual Heating Load  Annual Cooling Load Max Heating Rate Max Cooling Rate
kBtu/hr kW kBtu/hr kw
TRNSYS 6800 7.2 6800 7.2 133 3.9 9.2 2.7
EnergyPlus 5900 6.2 7000 7.4 15.0 4.4 9.9 2.9
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05 PREDICTIVE SHADING

Predictive shading is intended to provide a more energy efficient method of shading control than is obtained by
strategies that employ schedules, reactive activation, or manual intervention. The system utilizes weather
forecasts and building simulations to generate a daily shading schedule that minimizes HVAC and lighting loads
by accounting for the thermally delayed effects from any control decisions.

Figure 11 demonstrates the impact of this type of system for ECHO, as compared to a ‘predictive’ shading
model, for a number of arbitrary days.
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Figure 11. Comparison of reactive shading control and predictive shading control

The predictive shading system consists of two bottom-up®, exterior, motorized shades that are located on the
wide south-facing windows in the kitchen. Motors are wired to a receiver that supplies power and position
control signals, whether through the predictive control system or via manual override

Based on a detailed analysis summarized in Figure 12 and Figure 13, it is proposed to use a shading system with
3 positions (i.e., 0%, 50% and 100% coverage) rather than one with 6 positions (i.e., 0%, 20%, 40%, 60%, 80%
and 100% coverage). It was found that the increased resolution did not have a noticeable increase in HVAC
loads and therefore the system did not merit the additional complexity.

3 Bottom-up shades unravel from the bottom and are drawn upwards, as opposed to traditional shades which are drawn
down
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The predictive shading algorithm utilizes MATLAB and EnergyPlus. MATLAB is used as the central control of the
shading algorithm, completing the tasks of program calling, data analysis, and result exporting. Using an
Internet connection, MATLAB accesses the most recent 24-hour weather forecast provided by the North
American Mesoscale Forecast System (NAM) [9]. These data are inserted into the weather data file that is
called by EnergyPlus during simulation. Using the modified weather file and an EnergyPlus model with blank
shading control schedules, simulations are run for daylight hours.

The simulation begins at 6:00 AM and looks at possible shading combinations, with shades placed with 0%,
50%, and 100% coverage of the main south windows over the next five hours. Using a control model as
illustrated in Figure 14, a decision on shade position is made based on the lowest total load of heating, cooling,
and lighting energy, while keeping illuminance above a fixed value. The resulting shading position for the first
hour is written to the shading schedule and output to a shading level file. The same simulation process is run
for the next hour (i.e. 7:00 AM) with the updated shading schedule. Once again the loads are analyzed and the
results output to the shading level file. This process is repeated until 8:00 PM, at which point the blinds are
closed for occupant privacy.

Start ¥ i v Assign shade
Run simulation || Run simulation Run simulation position to

Access NAM with blind withblind | *** | with blind file
forecast combination 1 combination 2 combination N .J,
model | jlf | Update
‘L position to
Update /// \\H‘x simulation
simulation T i
ther fil i
weather e Determine the combination with the minimum Pa;s sh;;dmg
'L total utility load of HVAC and lighting schedu E_to
Eor each automation
hour from | | system
06:00to
20:00 End
Figure 14: MATLAB decision flowchart
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06 HVAC MODELING

This section outlines the details of the heating, ventilation, and air-conditioning (HVAC) equipment in ECHO and
describes the modeling process.

Air-source heat pumps (ASHPs) are a common space conditioning solution for entrants into the Solar Decathlon
competition. However, these systems can experience problems in cold climates such as Ontario, including low
heat output and efficiency at colder temperatures and reliance on electric resistance heaters for backup.
Furthermore, few companies design and market ASHPs specifically for cold climate applications [10]. Therefore
Team Ontario sought a solution that would couple heat pump technology with solar thermal collectors and
heat storage, to mitigate the impact of cold outdoor temperatures on system performance.

This ‘Integrated Mechanical System’ (IMS) provides a highly efficient method of conditioning the space and
meeting domestic hot water requirements. Design of the system seeks to maximize efficiency and use of solar
thermal energy and waste heat, in order to minimize the size of the (costly) photovoltaic array.

The IMS consists of several subsystems, including:

° An indirect solar assisted heat pump system;
. An energy recovery ventilator; and,
. A centralized HVAC system.

The main performance evaluation metric for the IMS is the free energy fraction (FEF). The FEF is the portion of
the domestic hot water (DHW), space heating, space cooling, and dehumidification loads that is met through
stored solar energy or waste heat recovery; the higher the FEF, the lower the electrical input required to meet
the loads.

Space heating and cooling loads were developed from the whole-building simulation model and used as inputs
to the mechanical system model. Domestic hot water loads were estimated by coupling a draw profile to
weather data in TRNSYS that describes the water mains temperature. The draw profile is based on the CSA
F379.1 Standard [11], although the daily load was reduced from 225 L/day to 180 L/day. The justification for
this modification is that ECHO may have fewer-than-average occupants and that homeowners are ‘eco-aware’
and consciously manage their energy consumption.

A brief description of each subsystem of the IMS follows.

SOLAR ASSISTED HEAT PUMP

An indirect solar assisted heat pump provides energy for space heating, space cooling, and DHW requirements.
The underlying philosophy of this system is to efficiently harvest low-grade heat energy, thus further reducing
dependence on electricity. The main components of this system are solar thermal collectors, a ‘hot’ and a ‘cold’

storage tank, and a liquid-to-liquid heat pump.

Figure 15 shows a schematic of the integrated mechanical system. Solar collectors and cooling coils are used to
supply thermal energy to the cold tank. The cold tank subsystem improves the efficiency of the solar thermal
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collectors, as the heat pump extracts heat from the working fluid prior to circulation through the collectors.
The lower temperature of the working fluid (as compared to a conventional system) increases heat gain from,
and decreases heat loss to, the environment.
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Figure 15. Schematic of the Integrated Mechanical System

During the cooling season, heat is transferred from the indoor air to the cold tank. The heat pump thus draws
energy out of the cold tank and heats the water in the hot tank year-round. This process generates hot water
for DHW, space-heating in the winter, and improves space-cooling performance by removing heat from the
cold tank.

The air entering the heating and cooling coils is a mixture of fresh air from the energy recovery ventilator and
recirculated air from within the house. When dehumidification is required, the air is first cooled to 50°F (10°C)
in the cooling coil to condense water vapour, and then is reheated to 60.8°F (16°C) before being released into
the space. The cold tank is filled with a non-toxic, food-grade propylene-glycol solution to avoid freezing in the
solar collector or heat pump evaporator.

The upper section of the hot water tank is equipped with an internal auxiliary heating coil, which provides
back-up heat when necessary. A thermostat in the top of the hot tank maintains it at a minimum of 131°F
(55°C). For domestic hot water requirements, water drawn from the hot tank mixes with cold city mains water
in a thermostatic mixing valve, as per a regular hot water heater.
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During the cooling season, heat extracted from the house and from the operation of the heat pump will
accumulate in the hot tank before dissipating through an outdoor heat-dump radiator. Some of this energy will
be used for domestic water and outdoor air reheat following dehumidification (when necessary).

ENERGY RECOVERY VENTILATOR

For mechanical ventilation, the IMS utilizes a Venmar AVS EKO 1.5 high-efficiency energy recovery ventilator
(ERV). In the winter, heat and moisture is recovered from the mechanically exhausted air and transferred to
the incoming fresh air, reducing the heating load and avoiding issues of over-dry air within the space. During
the summer, the incoming fresh air passing through the ERV releases heat and moisture to the exhaust air,
moderating both sensible and latent cooling loads.

During the cooling season, it is possible for the ambient air enthalpy to be lower than the indoor enthalpy. In
these situations, space cooling might still be required due to internal and solar gains; a ‘free cooling’ effect can
be achieved through natural ventilation, supported by automated actuators on the east and west windows.

ERVs are often not recommended in cold climates, such as Eastern Ontario, due to concerns of frost build-up
on the heat exchange core. The heat exchange core can be exchanged to convert the unit to a heat recovery
ventilator (HRV) that will limit moisture exchange, and hence will have fewer issues with defrost.

HRVs do not recover moisture and therefore generally tend to experience fewer frost issues than ERVs. This
feature presents an opportunity for ECHO to be used as an experimental platform to investigate frost
mitigation strategies in cold climates, such as circulating indoor air to melt any frost build-up on the core or
using an air pre-heating system. If an ERV proves infeasible, it can be changed for an HRV core. As HRVs tend to
have a higher sensible effectiveness than ERVs, the chosen model provides the opportunity to further decrease
sensible heating loads in the winter.

CENTRALIZED HVAC SYSTEM

The inlet air from the ERV is mixed with recirculated air from the house. A fan coil (for heating) and a cooling
coil (for sensible cooling and dehumidification) serve to condition the air to the required supply temperature
and appropriate humidity level to meet required internal loads. The conditioned air is then channeled through
two main distribution branches ducts: one running along the south wall and the other along the north. This is
shown in Figure 16.
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Figure 16. Air duct layout

The return-air duct runs north-south along the center of the house and returns the air at ceiling level. The air is
supplied at ground level and is returned at the ceiling, as shown in Figure 16. This displacement ventilation
approach ensures good mixing of air in the house during heating conditions. During cooling conditions,
buoyancy-driven movement of cooling air due to local heating by occupants and equipment contributes to the
mixing effect of fresh and stale air. This approach tends to direct stale and contaminated air above the
occupied zone, potentially contributing to better indoor air quality.
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Figure 17. Principles of displacement ventilation
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PARAMETRIC STUDIES

TRNSYS 17 was used to model the integrated mechanical system and size components in order to maximize the
free energy fraction. Figure 18 shows some of the key components of the TRNSYS model and their connections.
Heating and cooling loads were initially provided through an input file containing the EnergyPlus simulation
results; later, the housing model developed in TRNSYS for comparative purposes was used directly in the IMS
model.
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Figure 18. TRNSYS model of Integrated Mechanical System
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Sensitivity studies were conducted for various parameters within the system, based on a typical year in Ottawa.
Table 5 lists the parameters of interest and the input values that were used for the baseline model.

Table 5. Baseline model parameters for sensitivity studies

Parameter value . (
(Imperial)
Collector area (glazed flat plates) 129 ft? 12 m?
Thermal Solar Collector tilt angle 90° 90°
Solar loop flow rate 5.5 Ibm/min 150 kg/hr
Cold storage tank size 71 US gallon 270L
Hot storage tank size 119 USgallon 450L
0.202 4.132

Tank loss coefficient Btu/hr f2.R ki/hr.m2.K

Heat pump source side minimum inlet temperature 42°F 6°C
Heat pump load side maximum inlet temperature 104°F 40°C
ERV sensible heating effectiveness 0.75 0.75
ERV latent exchange effectiveness 0.5 0.5
Heat pump nominal power input 85.3 Btu/min 1.5 kW
Heat pump (heating) capacity 284 Btu/min 5 kw
Hot tank auxiliary heater position® Node 5

Hot tank hot side inlet height® Node 5

Hot tank mains water & heating coil return inlet ° Node 25

* The hot tank is divided into 30 equal sections from the top of the tank to the bottom of the tank. Each section is referred
to as a node. Node 1 is the node at the top of the tank and node 30 is the node at the bottom of the tank.
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The annual free energy fraction achieved by the base model is approximately 57.1%. Figure 19 shows the
results of several parametric studies of key system components.
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Figure 19. Effect of high-level system parameters on free energy fraction

The results suggest that the heat pump coefficient of performance (COP)’ has the largest influence on the
performance of the system. The FEF increases as tank loss coefficient decreases, collector area increases, and
heat pump COP increases. The optimal collector angle is approximately 75° and optimal heat pump capacity
was found to be 341 Btu/min (6 kW).

Heat Pump Inlet Temperature

The effects of the inlet temperatures to the heat pump were also investigated. As shown in Figure 20, the FEF
increases as the minimum source side inlet temperature decreases and the maximum load side inlet
temperature increases.

> The coefficient of performance is the ratio of the energy output over the energy input; in other words, how effectively
the heat pump moves heat.
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Figure 20. Effect of varying heat pump inlet temperature on free energy
fraction

Solar Collector Type and Area

The collectors used in the base model were single-glazed flat plate collectors. A second set of simulations were
conducted using evacuated tube collectors. The effect of changing the collector area on the free energy
fraction is shown Figure 21.
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Figure 21. Impact of type and size of solar collector on annual free energy
fraction
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These results indicate that the flat plate collectors perform better than the evacuated tube collectors in this
application. These results are reasonable because the temperature of the glycol entering the collectors is lower
than is typical for a standard solar domestic hot water system, due to the cold tank and the heat pump
extracting heat from the fluid. Because the fluid temperature is lower, thermal losses from the solar collectors
are reduced, increasing efficiency in the flat-plate collectors and negating the benefits of the low-heat loss
characteristics of the vacuum-tube collectors. The higher heat loss coefficient in the flat plate also increases
the potential to absorb more energy from the surrounding air, even in the winter.

Thermal Storage Tanks

The initial set of sensitivity studies show that the hot tank size has little effect on the overall performance of
the system. The size of the collectors and cold tank in the base model was suspected to be limiting the
performance of the system.

Another hot tank sensitivity study was conducted by altering the base model to have 194 ft*> (18 m?) of
collector area and a 120 US gallon (450 L) cold tank. This modified model is shown in green in Figure 22, along
with the effect of tank size on the annual FEF.

This study indicated that a large cold tank can improve performance and, with a large cold tank and collector
area, a smaller hot tank is more desirable.
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Figure 22. Effect of variation in hot or cold tank volume on annual free energy
fraction

The water inside the hot tank is not at a uniform temperature. Ensuring good thermal stratification allows the
hottest water to be drawn for heating purposes, thus increasing overall system efficiency. Thermal
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stratification levels are influenced by the location of inlets and outlets on the storage tanks and the placement
of the auxiliary heater element. These effects were investigated by varying the vertical position of inlet nodes
and the auxiliary heater. The results of this analysis are displayed in Figure 23, where node 30 at the bottom of
the tank. Note that hot water for heating purposes is drawn from the top of the tank.
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Figure 23. Effect of hot tank storage inlet, auxiliary heater and heating coil
return height on annual free energy fraction

The sensitivity study indicates increased performance with increased height (relative to the ground) of the
mains water inlet to the hot tank storage. This is a surprising result, as it was surmised that having the coldest
water enter at the very bottom of the tank would promote the greatest thermal stratification. However, in the
base case system, the heating coil return water, which is generally at a higher temperature than the mains
water, also enters though this inlet, increasing mixing and de-stratification in tank.

This effect can be mitigated by specifying a storage tank with another inlet port, located part way up the tank.
Splitting the heating return input from the mains water input can increase the free energy fraction by 1-2%°.
This result is influenced by the general level of mixing in the storage tank, which depends on pump flow rates.
These effects are the subject of further study.

Energy Recovery Ventilator

The effectiveness of the ERV is demonstrated in Figure 24. The latent effectiveness appears to have little
influence on the overall performance of the system. Increasing the sensible effectiveness from 0.5 to 0.9
increases the free energy fraction by over 2%.

® Comparison of the two different tank component subroutines in TRNSYS with identical parameters yielded a slightly
better result for the multi-inlet tank. This is attributed to computational differences and is not significant.
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Figure 24. Effect of ventilation heat recovery effectiveness on annual
free energy fraction

Best-case simulation results indicate an annual free energy fraction of 58.3% in Ottawa, which is approximately
3.4% greater than the base model performance. Significant changes from the base model to the optimal
system include:

Reducing the collector area by 50%;

Sourcing a heat pump with a higher COP;

Adding an additional inlet to split the mains water and heating coil return streams; and,

Lowering the hot water inlet (from the heat pump) while keeping the hot water outlet and auxiliary
heater at the top of the tank

Table 6 outlines the optimal system parameters.
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Table 6. Recommended parameters for the Integrated Mechanical System

PARAMETER VALUE. VALUE (SI) ‘NOTES / JUSTIFICATION
(Imperial)
Collector area (glazed ) ) Minimal effect on performance. Reducing
65 ft 6 m

flat plates) area by 50% reduces FEF by only 2%.
Minimal improvement from 90° to 75°

Collector tilt angle 90° 90° from horizontal. Retained at 90° to
minimize mounting complexity.

Solar pump speed 5.5 Ibm/min 150 kg/hr Minimal effect on overall performance.

Cold storage tank size 71 US gallon 270L Maintained at a standard 71 US gallons

Hot storage tank size 119 US gallon  450L Larger tank Sp?ufled 'Fo ensure adequate
thermal capacity in winter.

- 0.202 4.132

Tank loss coefficient Btu/hr ft2.R KI/hr.m2K Base model parameter.

Heat pump source side 42°F 6°C Limited in current study by heat pump

min inlet temp input data in the TRNSYS model.

Fleat pump Limited i t study by heat

) ) o o imited in current study by heat pump

load side max inlet 104°F 40°¢ input data in the TRNSYS model.

temp

ERV sensible Highest sensible effectiveness achievable

. 0.9 0.9 .

effectiveness is recommended

ERV Latent 0.5 0.5 Increasing effectiveness has minimal

effectiveness ) ) impact on performance

Fleat pump power 102 Btu/min 1.8 kW

consumption Optimal performance from 1.8 kW power

. draw and 6 kW pump capacity

Heat pump heating 341 Btu/min 6 kW

capacity

Hot tank all,l)flhar‘y node 5 node 5 Keptc ét node 5 to ensuroe availability of a

heater position sufficient volume of 55°C water

Ho't tank hot side inlet node 10 node 10 Locating hot Yvater inlet below auxiliary

height heater could improve performance

Heating coil return inlet Heating coil return water is higher

. 8 node 21 node 21 temperature than mains water and should

height . L

be higher than mains inlet
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As-Built System

The optimal parameters provided a basis for the Team to source components. However, the as-built
parameters for the system deviate from the optimal configuration mainly due to the market availability of
components. Major differences between the as-built system and the optimal system include:

e The collector area is increased to 129 ft* (12 m?) as it slightly improves performance and the
exostructure was design for accommodate 4 panels (129 ft?);

e The heat pump heating capacity and power consumption were decreased to about 284 Btu/min (5 kW)
and 85 Btu/min (1.5 kW);

e The auxiliary heater position is about 2/3 up from the bottom of the tank;

e The set point for the top of the hot tank was reduced from 131°F (55°C) to 122°F (50°C).

e The cold storage tank size was 80 US gallons (303 L); and,

e The cooling coil set point was increased from 50°F (10°C) to 55.4°F (13°C), as the air can still be
adequately dehumidified at this temperature.

The predicted free energy fraction for the as-built system built is 56%.
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07 SUMMARY OF ENERGY TRANSFORMATION

Initial building modeling was conducted using EnergyPlus, and the output loads used as inputs to the design of
the Integrated Mechanical System. However, the dynamic behavior of the Integrated Mechanical System is
important to overall energy performance. Therefore, the TRNSYS building model was coupled directly with the
IMS and simulations conducted for a typical year in Ottawa and for the eight days that comprise the energy
balance competition for a typical year in Irvine.

One of the most striking results was that ideal loads from EnergyPlus significantly underestimated the
predicted loads in TRNSYS when using a more realistic control strategy. This highlights the importance of
maintaining a high level of control during the competition in order to meet comfort conditions and maintain a
net-positive energy balance.

Table 7 outlines the functioning of the IMS annually in Ottawa. The table illustrates how solar energy and
residual heat recovery supplement direct electrical energy input.

Table 7. Energy flow in the Integrated Mechanical System annually in

Ottawa
kBtu GJ kWh

Energy Demand

Domestic Hot Water 9300 9.8 2730

Heating Coil 9920 10.5 2910

Cooling Coil 12070 12.7 3540

Reheat Coil 2980 3.1 870
Auxiliary Energy

Heat Pump Compressor 11020 11.6 3230

Auxiliary Heat 3720 3.9 1090
Waste Heat

Heat Dump 13000 13.7 3810
Energy Input

Solar Gain 7690 8.1 2250

Electrical Input 14740 15.6 4320
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Table 8 details the system performance during the competition.

Table 8. Energy flow in the Integrated Mechanical System during the
competition in Irvine

kBtu ‘ MJ ‘ kWh ‘

Energy Demand

Domestic Hot Water 103 109 30

Heating Coil 0 0 0

Cooling Coil 547 577 160

Reheat Coil 99 104 29
Auxiliary Energy

Heat Pump Compressor 313 330 92

Auxiliary Heat 92 97 27
Waste Heat

Heat Dump 757 799 222
Energy Input

Solar Gain 0 0 0

Electrical Input 406 428 119

Photovoltaic energy simulations were conducted in PVWatts for Ottawa and the Long Beach area using
PVWatts. Table 9 and Table 10 on the two following pages show the estimated annual electricity demand and
production in Ottawa, and competition electricity demand and production in Irvine.
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Table 9. Estimated annual electricity demand
and production in Ottawa

Electricity Demand

End Use (kwh)
Lighting
Interior 333
Exterior 30
Total 363
Appliances
Dishwasher 141

Clothes Washer 110

Dryer 480

Refrigerator 440

Oven/Cooktop 550

Other 700

Total 2421

Space Conditioning

Space Heating 1303

Space Cooling 2062

Pumps and Fans 456

Total 3821
DHW 1153
Grand Total 7758
PV Production 9846
Surplus 2088
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Table 10. Estimated electricity demand and
production during the competition in Irvine

Electricity Demand

End Use (kwh)
Lighting
Interior 15
Exterior 2
Total 17
Appliances
Dishwasher 4

Clothes Washer 2

Dryer 8

Refrigerator 9

Oven/Cooktop 6

Cooking Contest 11

Other 19

Total 59

Space Conditioning

Space Heating 0

Space Cooling 102

Pumps and Fans 20

Total 122
DHW 16
Grand Total 214
PV Production 263
Surplus 49
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Figure 25 compares the estimated annual electricity consumption of ECHO to 2010 energy consumption figures
for Canada and Ontario [12]. Note that ECHO estimates account for the impact of the Integrated Mechanical
System on reducing loads due to solar thermal storage and heat recovery. Space cooling figures only account
for homes with active space cooling, about 42% of residential floor area in Canada [13].
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Figure 25. Comparison of ECHO energy consumption to Canadian
and Ontario 2010 residential averages

Figure 25 indicates that the design of ECHO is extremely effective at reducing space heating and water heating
loads, which account for about 80% of secondary energy use in Canadian housing. Appliance loads are reduced
by using EnerGuide ratings as a guideline for selecting energy-efficient appliances, without sacrificing
performance. Lighting loads are further reduced through the use of highly efficient light-emitting diode (LED)
technology.

Space cooling loads are actually higher than typical for actively space-cooled housing in Canada, despite ECHO's
passive and acting shading approach. There are a number of possible explanations for this trend:

e The high thermal insulation of the building envelope and low air infiltration rates ‘trap’ heat inside;

e Natural ventilation (‘free cooling’) and active shading of glazing could potentially be improved;

e Air conditioning set-points for ECHO do not reflect the way Canadians typically use their air
conditioners.

To illustrate the last point, about 3% of the cooling load occurs in April and 11% in May. Although there are
times when the internal temperature of ECHO strays outside the set-point, thus triggering cooling conditions, it
is likely that actual homeowners would not turn their cooling system on at these times and simply tolerate the
brief periods of overheating, or open a window. Measurement and verification of the energy performance of
ECHO could permit further improvements to space cooling and other loads.
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Conclusion

The integrated design process, which combined multiple design objectives with an understanding of the
climatic constraints and opportunities of Ontario, resulted in a design that is expected to use less than 25% of
the secondary energy of a typical Canadian home. This energy is entirely provided by the sun, resulting in zero
operational carbon emissions. The combination of energy efficiency, bioclimatic design, and renewable energy
is an inspiration for the next generation of homeowners to demand more from their homes, and represents a
milestone in Team Ontario’s vision of sustainable housing as a scalable reality across Canada and the world.
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QUANTITY TAKEOFF OF COMPETITION PROTOTYPE HOUSE

Specification Brief Description Detailed Description

Number

Division 01 General Requirements

015419 Typical House Crane 80-ton truck-mounted crane, plus crew. 3 Day
Rent, foam spray rig, including box trailer,

015433 Spray Foam compressor, generator, proportioner, Incl. Hourly 2 Day
Oper. Cost.

Division 05 Metals
#14 self-drilling screws, 7/16" nylon head,

0505 23 Metal Fasteners 100 Ib.
neoprene washer

Division 06 Wood, Plastics and Composites
2" clipped head, Paslode air nails, attaches

06 05 23 Fasteners sheathing to walls 6" along perimeter and 12" 3 Packs
along studs

06 05 23 Fasteners 3" Galvanized spirals 50 Ib.

0605 23 Fasteners 2 1/2 Deck screws, zinc coated, weather 100 Ib.
resistant

06 05 23 Fasteners 3 1/.2 Resin coated common sinkers for 100 Ib.
Laminated Veneer Lumber

06 10 00 Rafters 2" x 12" x 12' tapered rafters, No. 2 spruce 23 Each

Two continuous rows of blocking, 2 x 4 material,
06 1053 Blocking standard & better lumber, 4’ O.C. from base of 250 L.F.
floor framing, excludes waste.

Wood framing, standard & better lumber, 2" x 6"
06 11 00 2 X 6 Stud Walls studs, 24" 0.C., 9' high, includes single bottom 124 L.F.
plate and double top plate, excludes waste

Wood framing, partitions, standard & better
lumber, 2" x 6" studs, 24" 0.C., 9' high, includes

061100 2 X6 Partition Walls single bottom plate and double top plate, 60 LF.
excludes waste
Wood framing, partitions, standard & better

0611 00 5 X 4 Partition Walls lumber, 2" x 4" studs, 24" 0.C., 9' high, includes 20 LE.

single bottom plate and double top plate,
excludes waste

Bluwood Framing, standard & better lumber, 2" x
06 11 00 2 x 3 Exterior Walls 3" studs, 24" 0.C, 11' high, includes single top 124 L.F.
plate and single bottom plate

06 1323 Heavy Timber Framing Rafters, structural grade, 8" x 12" 70 L.F.
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061323

0613 23
06 13 23
06 13 23
06 13 23

061513

06 1533

0616 23

06 16 26

06 16 26

061713

061753

Division 07

07 2113.19

07 2113.19

07 2113.19

07 2129

07 2100

072129

074223

074223

Heavy Timber Framing

Heavy Timber Framing
Heavy Timber Framing
Heavy Timber Framing

Heavy Timber Framing
2X8 Deck Framing

Deck Boards

Subflooring

Underlayment

Underlayment

Laminated Veneer Lumber

Shop Fabricated Wood Trusses

Thermal and Moisture Protection

Floor and Roof Insulation

Floor and Roof Insulation

Wall insulation

Floor and Roof Insulation

Thermal Insulation

Air/water Resistive Barrier

Wood Siding

Wood Siding

U.S. D.O.E. Solar Decathlon 2013

Columns, structural grade, 8" x 10"

Roof Purlins, 2.5" thick, structural grade
Roof Purlins, 3.5" thick, structural grade
Girders, select grade, 8"x10"

Cross Braces, select grade, 8"x10"

Porch or deck framing, treated lumber, joists, 2" x

8II
5/4" Western Red Cedar deck boards

3/4" Tongue and Groove plywood, standard &
better lumber, spruce, includes floor framing,
excludes waste.

Underlayment, plywood, underlayment grade,
1/2" thick, pneumatic nailed

Underlayment, plywood, underlayment grade,
3/4" thick

Floor framing members, 1 3/4" x7 1/4", 24" O.C.,
includes joists and double rim, excludes waste.

Mono pitch truss for south module, 2x4 top and
bottom chord, engineered by Centennial Truss

SR.P400 Type 4, graphite, expanded polystyrene
insulation, 30 psi, ship- lapped edges

SR.P100 Type 1, graphite, neoprene bead, ship-
lapped edges.

SR. 2x4 Type 1, graphite, neoprene bead, spaced
for 24" O.C.

BASF Walltite Spray insulation, polyurethane,
ceiling and floor, 2#/CF density, 6" thick, R39,
sprayed, 2" Thick.

Vacuum Insulated Panels, 18.5" x 22.5", Foil
faced, 1/2" Thickness

BASF Enershield system, water based, low VOC,
ASTM E84 Class 1 flame spread, roll on
application, full wall covering

Horizontal Tongue and Groove siding, 1" x 5"
Eeastern White Pine

Vertical Tongue and Groove siding, 1" x 3"
Eeastern White Pine

150

220
90
40

150

900

700

900

960

500

80

23

1800

1800

1100

1800

1800

1100

700

700

L.F.

L.F.
L.F.
L.F.
L.F.

L.F.

S.F.

S.F.

S.F

S.F

L.F.

Each

S.F.

S.F.

S.F.

S.F.

S.F.

S.F.

S.F

S.F
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07 46 29 Plywood

075329 Roofing Underlayment

07 58 10 Roll Roofing

07 61 00 Metal Roofing

07 62 00 Sheet Metal Flashing and Trim

077123 Gutters

Division 08 Openings

08 1300 MAIN ENTRY AND MASTER
BEDROOM, 45 1/2"W x 83"H,
JELD-WEN 1 3/4" THK. JELD-WEN
STEEL FRAMED INSULATED
DOOR

08 13 00 SOUTH DECK FRENCH DOORS, 69
1/2"W x 83"H, JELD-WEN 1 3/4"
THK. TRP. GLAZED ARGON FILLED
LITES, THERMOTECH STEEL
FRAMED INSULATED DOOR

08 5000 FIXED 1'91/2" x1'9 1/2", JELD-
WEN VINYL-ALUMINUM CLAD
TRP. LOW-E

08 50 00 FIXED 1'8" x 6'9"", JELD-WEN
VINYL-ALUMINUM CLAD TRP.
LOW-E

08 50 00 FIXED 3'11 5/8" x 5'10 3/4"",
JELD-WEN VINYL-ALUMINUM
CLAD TRP. LOW-E

08 50 00 FIXED 2 -5'53/4" x 2'8"", JELD-
WEN VINYL-ALUMINUM CLAD
TRP. LOW-E

08 50 00 FIXED 1'9 1/2" x6'7 1/2", JELD-
WEN VINYL-ALUMINUM CLAD
TRP. LOW-E

08 50 00 FIXED 4'4" x 5'10 3/4", JELD-WEN

VINYL-ALUMINUM CLAD TRP.
LOW-E

U.S. D.O.E. Solar Decathlon 2013

Exterior grade, 1/2" spruce, underside of floor

900
system
Self-adhering, SBS rubberized asphalt compound
laminated, Impermeable to air, vapor, and water. 900
1.6 ng/Pa.m2.s (0.03 perms) vapor permeance
1 ply #15 felt roofing, lap 19", nailed 500
Steel roofing panels, on steel frame, flat profile,
standard finish, 1-3/4" standing seams, 18" wide, 1460
24 gauge, Hidden fastener
Sheet metal flashing, aluminum, flexible, mill 160
finish, .013" thick, including up to 4 bends
Steel, Galv, 28 ga, custom mould. 124
Rule of Thumb - Typical Exterior Door, prehung, 2
exterior, insulated steel
Rule of Thumb - Typical Exterior Door, prehung, 1
exterior, insulated steel
Rule of Thumb - Typical Fixed Window 462
Rule of Thumb - Typical Fixed Window 1620
Rule of Thumb - Typical Fixed Window 3369
Rule of Thumb - Typical Fixed Window 4208
Rule of Thumb - Typical Fixed Window 1709
Rule of Thumb - Typical Fixed Window 3679

S.F.

S.F.

S.F

S.F.

L.F.

L.F.

Each

Each

Sq. In.

Sq. In.

Sq. In.

Sq. In.
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08 50 00 FIXED 3'9 1/2" x 2'8", JELD-WEN
VINYL-ALUMINUM CLAD TRP.
LOW-E

08 50 00 Awning 2-3'91/2"x 1'8 1/4",
JELD-WEN VINYL-ALUMINUM
CLAD TRP. LOW-E

08 50 00 Casement 3'5" x 3'8", JELD-WEN
VINYL-ALUMINUM CLAD TRP.
LOW-E

Division 09 Finishes

092910 Gypsum Board

092910 Gypsum Board

092910 Gypsum Board

093013 Ceramic Tile

093013 Ceramic Tile

093029 Metal Tiling

09 64 00 wood flooring

098116 Acoustic Insulation

099113 Exterior Painting

099113 Exterior Painting

099123 Interior Painting

Division 10 Specialties

102113 Residential Bath Accessories

102113 Residential Bath Accessories

102113 Residential Bath Accessories

102113 Toilet Compartments

102113 Toilet Compartments

102113 Toilet Compartments

102113 Toilet Compartments

102113 Toilet Compartments

102113 Toilet Compartments

U.S. D.O.E. Solar Decathlon 2013

Rule of Thumb - Typical Fixed Window

Rule of Thumb - Typical Awning Window

Rule of Thumb - Typical Casement Window

1/2" gypsum board, walls, standard, taped and
finished to level 5

1/2" gypsum board, ceiling, standard, taped and
finished to level 5

1/2" gypsum board, walls, mould resistant, taped
and finished to level 5

3" x 6" subway tiles, white, thin set, walls
12" x 24" porcelain tile, black, thin set, floors
12" x 12" Sheet, stainless steel backsplash

3.5mm hardwood, Hickory, 10 ply yellow birch
base

3" Batt insulation, Roxul Safe and Sound
2 coats, clear stain, exterior wood siding
2 Coats, latex based exterior stain, wood siding.

2 coast, latex, no VOC

Kohler Toilet Tissue Dispenser, Brushed Chrome

Kohler 24 in. x 48 in. Framed Rectangle Mirror in
Brushed Chrome

Kohler 24" Towel Bar

Caroma

Adelaide Cube 270 Easy Height Round Front Plus
Free-Standing Bath

Kohler dual flush toilet

Poured concrete vanity with built in sink.

Kohler Single Handle Wall Mount Vessel Faucet
from the Masina Collection

1456

1843

1804

2100

940

90

100
100
30

800

160

700

700
3000

Sq. In.

Sq. In.

Sq. In.

S.F

S.F

S.F

S.F
S.F
S.F

S.F.

S.F.
S.F
S.F.
S.F.

Each
Each

Each
Each
Each
Each
Each
Each

Each
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1021 16 Shower and Dressing FI.eruco double pane glass shower door, single 1 Each
Compartments hinge

Division 11 Equipment

11 26 00 Kitchen Sink Uhdermo"unt, stainless steel. 1. 31.5” long, 18 1 Each
wide, 9.5” deep

11 26 00 Kitchen Faucet Kohler Single-lever, European-style spout with 1 Each
pull-out spray.

113100 Electric Oven Whirlpool Bf.nlt-m, .smgle .electrlc, self-cleaning 1 Each
wall oven with broiler unit.

113100 Electric Cooktop GE 30-inch (762-mm), built-in cooktop with four 1 Each
burner elements.

113100 Refrigerator/Freezer Flsh.er & Payke-l Freestanding, frost-free two-door 1 Each
refrigerator with bottom-mounted freezer

1131 00 Dishwasher: Fisher &.Pay.kel;: Built-in, undercounter, 1 Each
automatic dishwasher

1131 00 Clothes Washer LG Freestz.mdmg, front—loadm'g, automatic clothes 1 Each
washer with 4.3-cu. ft. capacity, Energy star

113100 Clothes Dryer LG Freestant.:llng, front-loading clothes dryer, 7.1- 1 Each
cu. ft. capacity, Energy star

Division 12 Furnishings

123661 Poured Concrete Countertops 43 S.F.

Division 21 Fire Suppression

211213 Pendant Sprinkler Head 2 Each

211213 Semi-Recessed Sprinkler Head 5 Each

211213 CPVC 1/4 Bend 5 Each

211213 Sprinkler Female Head Adaptors 7 Each

211213 CPVC Piping 120 L.F.

211213 CPVC Couplings 2 Each

211219 CPVC Single Hangars 40 Each

211223 Tamper Switch 1 Each

213000 Fire Suppression Pump 1 Each

Division 22 Plumbing

220500 Hangers 1.5"-3" 15 Each

220500 hangers 1/2" 60 Each

220500 J- Hooks 2" 15 Each

220513 submersible pump submersible pump 1 Each
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220513 supply pump 1/2 h.p. 1 Each
221316 drain attachment 1.5" 3 Each
221316 drain attachment 2" 1 Each
221316 bathtub drain with strainer 2" 1 Each
221316 p-trap 1.5" 2 Each
221316 p-trap 2" 3 Each
221316 sanitary tee 1.5"x1.5"x1.5" Sink Vent 3 Each
221316 sanitary tee 2"x2"x2" 2 Each
221316 sanitary tee 3"x3"x1.5" Sink Vent 2 Each
221316 sanitary tee 3"x3"x2" Shower Vent 4 Each
221316 appliance wye 1.5"x1.5"x.75" Dishwasher Adaptor 1 Each
221316 1/4 bend short 1.5" 2 Each
221316 1/4 bend short 2" 13 Each
221316 1/4 bend short 3" 3 Each
221316 bathtub drain insert 1.5" 1 Each
221316 cleanout 11/2" 1 Each
221316 cleanout 2" 1 Each
221316 cleanout 3" 1 Each
221316 ABS pipe 1.5" Sink Vent 9.5 L.F.
221316 ABS pipe 2" Shower Vent 60 L.F.
221316 ABS pipe 3" DWV 56 L.F.
223300 Cold tank 80 gallon, double element 1 Each
223300 Hot tank 120 gallons required 1 Each
Division 23 Heating, Ventilating, and Air-Conditioning

230523 Ball valves 1/2" and 3/4" brass ball valves 26 Each
230523 Check valves 3/4" Brass check valve 3 Each
230523 Drain valves 3/4" Purge valve 4 Each
230523 \Ij;(levs:ure and temperature relief Manual flow adjustment valve 2 Each
230523 Pressure relief valve Rated at 50 psi 1 Each
230523 Thermostatic tempering valve 3/4" anti-scald 1 Each
230523 3-way Zone Valve (Diverting) 3/4" Brass 3-way diverting valve 2 Each
2307 00 Pipe insulation 0.5" Thickness foam insulation 60 Ft
232113 3/4" Copper pipe Copper water tube, Type M Hard Temper ASTM - 15 Ft
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232113

232113
232113
232113
232113
232113
232113
232113

232123
232113

1.3B

233100
2.2A1

233100
2.2A1

233100
2.2A1

233100
2.2A1

233100
2.2A2

233100
2.2A2

233100
2.2A3

233100
2.2A4

233100
2.2A4

233100
2.2A5

233100
2.2A5

233100
2.2A6

1/2" Copper pipe

1" Pex Piping
3/4" Pex Piping
90° Bend

1/2" Pex Piping
90° Bend

Pex Coupling

Plumbing manifold

Hydronic pumps

Expansion tanks
Galvanized Steel Spiral Round
Duct

Galvanized Steel Spiral Round
Duct

Galvanized Steel Spiral Round
Duct

Galvanized Steel Spiral Round
Duct

Galvanized Steel Stack Duct

Galvanized Steel Stack Duct

Galvanized Steel Round Tee
Galvanized Steel Round Duct
Transition

Galvanized Steel Round Duct
Transition

Galvanized Steel Round Duct
Reducer

Galvanized Steel Round Duct
Increaser

Galvanized Steel Round Elbow

U.S. D.O.E. Solar Decathlon 2013

B88

Copper water tube, Type M Hard Temper ASTM -

B88

1" Heatlink Pex Piping

3/4" Heatlink Pex Piping

3/4" Heatlink Pex PPE bend
1/2" Heatlink Pex Piping

1/2" Heatlink Pex PPE bend
1/2" Heatlink Pex PPE coupling
6 Port

Flanged and swept connections, 1/2" and 3/4"

size

2.1 gallon

6" Round Duct

7" Round Duct

8" Round Duct

10" Round Duct

4" X 10" Stack duct

4" X 12" Stack duct

8"X8"X8" Tee (full flow)

7" X 7" to 8" Round

15" X 16" to 10" Round

7" to 8" Short reducer

8" to 7" Short Reducer

6" Round 90° Elbow

40 Ft
20 L.F.
20 L.F.
10 Each
200 L.F.
30 Each
5 Each
2 Each
4 Each
3 Each
9 Ft
8 Ft
48 Ft
18 Ft
22 Ft
15 Ft
1 Each
1 Each
2 Each
2 Each
2 Each
1 Each
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233100
2.2A6

233100
2.2A6

233100
2.2A6

233100
2.2A6

233100
2.2A7

233100
2.2A7

233100
2.2A8

233100
2.2A8

233100
2.2A8

233100
2.2A9

233100
2.2A10

233100
2.3A

233100
2.3C

233100
2.3D

233100
2.3E

233100
2.3E

233423

233423

233713
2.1A

233713
2.1B

233713

Galvanized Steel Round Elbow

Galvanized Steel Round Elbow

Galvanized Steel Round Elbow

Galvanized Steel Round Elbow

Galvanized Steel Rectangular
Elbow

Galvanized Steel Rectangular
Elbow

Galvanized Steel Boot Fitting

Galvanized Steel Boot Fitting

Galvanized Steel Boot Fitting

Galvanized Steel Wye

Galvanized Steel Boot Fitting

Volume Control Damper

Galvanized Steel Round Flexible

Duct

Intake Hood

Exhaust Vent Cap

Exhaust Vent Cap
Energy Recovery Ventilator

Bathroom Fan

Trussteal Baseboard Grille

Trussteal Baseboard Grille

Trussteal Return Grille

U.S. D.O.E. Solar Decathlon 2013

7" Round 90° Elbow

8" 90° Elbow

10" 90° Elbow

8"Adjustable elbow 45°

4" X 10" 90° Elbow

4" X 12" 90° Elbow

4"X10"X 7" Angle Boot

4"X10"X 6" Angle boot

4"X 12"X 8" Angle boot

10"X10"X10" Wye (Full flow)

4" X 12" X 8" Universal Boot

Honeywell 8" Round motorized duct damper

4" Flexible round duct

Bowflex Intake Cap 6"

Bowflex Vent Cap 6"

Bowflex Vent Cap 4"

Venmar EKO 1.5 Energy Recovery Ventilator

Air King 0.5-Sone 50 CFM White Bath Fan
ENERGY STAR

4" X 10" Supply Grille

4" X 12" Supply Grille

4" X 12" Return Grille

12

Each

Each

Each

Each

Each

Each

Each

Each

Each

Each

Each

Each

Ft

Each

Each

Each

Each

Each

Each

Each

Each
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2.1D

233713
2.1E

2356 13.13
238146
238219
238219
Division 25

253516

253516

253516
253516
253516
251213

251116

253516
251223

251416

253513

253513

2536 26

250528
Division 26
26 09 43
26 09 33
26 09 43
26 09 43
26 09 16

Trussteal Return Grille

Collectors
Heat pump
Heat dissipaters

Air Handling Unit

Integrated Automation

12" X 12" Return Grille

Enerworks commercial panels
Liquid source heat pump
Radiators

Custom Cancoil Airhander

Generic Sensors, Router, Software for monitoring electrical circuits, heat and

humidity

PLC's Mitsubishi and Fox Con,
W/PROGRAMMING

Central Controller
Lighting Controller
Dimmer Panels

eMonitor Residential Gateway

Intellergy Sensor HUB

MK-III RTI-LR Sensor Assembly
IP-100/LR Network Interface

Arduino Uno R3

MARVEL Electronic Window
Operator

MechoSystems motorized Roller
Shades

Regulvar ERDRC-CCR

MK 1l Mono Mount

Electrical

Regulvar MOS-17C
Regulvar RW-PTM265
Can2Go UN2

Regulvar TAP-17C

RTS Dry-Contact Interface

U.S. D.O.E. Solar Decathlon 2013

Generic Programmable Logic Controller PLC'S

Crestron CLSC6
Crestron CLSC6, PAC2M
Crestron CLSC6

Relays sensor information from the intellergy
HUB to the web based internet portal.

Sends data from the PowerWise sensors to the
eMonitor Gateway.

Weather Station. Records weather data.

Relays information from the MK-IIl RTI-LR Sensor
Assembly to the online web portal.

A PCB that controls the automated windows and
predictive shading from server input.

Window actuators that electronically open and
close three awning windows.

Double motor bottom/up roller shades for
predictive shading system.

Wireless lighting controller with ballast control
output.

Mounting apparatus for the weather station.

Wireless occupancy detector.

Wireless wall-mounted lighting switch.
Universal controller for lighting applications.
Wireless ambient lighting sensor.

Communication interface between the Arduino

T N R S

P R N R

= U =, 00 O

Each

Each
Each
Each
Each

Project

Each

Each
Each
Each
Each

Each

Each
Each

Each

Each

Each

Each

Each

Each
Each
Each
Each
Each
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and motorized shades.

260913 Residential eMonitor 12r Relays information from circuit breaker on 1 Each
electrical energy consumption.

Division 28 Electronic Safety and Security

283100 Fire Alarm System Fire Detection Systems, remote annunciator, 8 1 Each
zone lamp, excluding wires & conduits

Division 31 Earthwork

316216 AP Small Complete AP Small Complete 4 Each
316216 Seismic Pier 11" CP-Seismic Pier on plywood 4 Each
316216 Standard pier 18" pier 37 Each
316216 Perimiter Pier 18" perimeter pier 5 Each
316216 Safety Top Safety top 50 Each
316219 Plywood Base 2 x 12 x 30" Pressure Treated 50 Each
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CONSTRUCTION SPECIFICATIONS: OVERVIEW OF SECTIONS COVERED

DIVISION 01 GENERAL REQUIREMENTS

012500 SUBSTITUTION PROCEDURES

014200 REFERENCES

015000 TEMPORARY FACILITIES AND CONTROLS
01 6000 PRODUCT REQUIREMENTS

017000 EXECUTION AND CLOSEOUT REQUIREMENTS
017419 CONSTRUCTION WASTE MANAGEMENT AND DISPOSAL
018113 SUSTAINABLE DESIGN REQUIREMENTS
DIVISION 02 EXISTING CONDITIONS

024313.13 BUILDING RELOCATION

DIVISION 06 WOOD, PLASTICS, AND COMPOSITES
06 10 00 ROUGH CARPENTRY

06 10 53 MISCELLANEOUS ROUGH CARPENTRY
06 1533 WOOD PATIO DECKING

06 16 00 SHEATHING

061753 SHOP-FABRICATED WOOD TRUSSES

06 20 00 FINISH CARPENTRY

DIVISION 07 THERMAL AND MOISTURE PROTECTION
07 21 00 THERMAL INSULATION

07 2500 WEATHER BARRIERS

074113 METAL ROOF PANELS

07 46 23 WOOD SIDING

07 7100 ROOF SPECIALTIES

DIVISION 08 OPENINGS

0813 00 METAL DOORS

08 50 00 WINDOWS

08 80 00 GLAZING

DIVISION 09 FINISHES

09 29 00 GYPSUM BOARD

09 3000 TILING

09 64 00 WOOD FLOORING

09 90 00 PAINTING AND COATING
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DIVISION 10
1028 00
102819

DIVISION 11
112600
113100

DIVISION 21
210500
211000

DIVISION 22
22 0500
220513
220523
221316
223300

DIVISION 23
230500
230513
230523
23 07 00
232113
232123
233100
233423
233713
235613.13
23 8146
238219

DIVISION 25
250500
251300

DIVISION 26
2609 23
262416
262713
263100
26 50 00

U.S. D.O.E. Solar Decathlon 2013

SPECIALTIES
TOILET, BATH, AND LAUNDRY ACCESSORIES
TUB AND SHOWER DOORS

EQUIPMENT
UNIT KITCHENS
RESIDENTIAL APPLIANCES

FIRE SUPPRESION
COMMON WORK RESULTS FOR FIRE SUPPRESSION
WATER-BASED FIRE-SUPPRESSION SYSTEMS

PLUMBING

COMMON WORK RESULTS FOR PLUMBING

COMMON MOTOR REQUIREMENTS FOR PLUMBING EQUIPMENT
GENERAL-DUTY VALVES FOR PLUMBING PIPING

SANITARY WASTE AND VENT PIPING

ELECTRIC DOMESTIC WATER HEATERS

HEATING, VENTILATING, AND AIR CONDITIONING (HVAC)
COMMON WORK RESULTS FOR HVAC

COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT
GENERAL-DUTY VALVES FOR HVAC PIPING

HVAC INSULATION

HYDRONIC PIPING

HYDRONIC PUMPS

HVAC DUCTS AND CASINGS

HVAC POWER VENTILATORS

DIFFUSERS, REGISTERS, AND GRILLES

HEATING, FLAT-PLATE, SOLAR COLLECTORS
WATER-SOURCE UNITARY HEAT PUMPS

FAN COIL UNITS

INTEGRATED AUTOMATION
COMMON WORK RESULTS FOR INTEGRATED AUTOMATION
INTEGRATED AUTOMATION CONTROL AND MONITORING NETWORK

ELECTRICAL

LIGHTING CONTROL DEVICES
PANELBOARDS

ELECTRICITY METERING
PHOTOVOLTAIC COLLECTORS
LIGHTING
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DIVISION 28 ELECTRONIC SAFETY AND SECURITY
283100 FIRE DETECTION AND ALARM

DIVISION 48 ELECTRICAL POWER GENERATION

48 19 19 ELECTRICAL POWER GENERATION INVERTER
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Division 01 — GENERAL REQUIREMENTS

SECTION 01 25 00 — SUBSTITUTION PROCEDURES

PART 1 - GENERAL

11 SUBSTITUTION PROCEDURES

A. Substitutions include changes in products, materials, equipment, and methods of construction from
those required by the Contract Documents and proposed by Contractor.

B. Substitution Requests: Submit three copies of each request for consideration. Identify product or
fabrication or installation method to be replaced. Include Specification Section number and title and
Drawing numbers and titles.

1. Substitution Request Form: Use CSI Form 13.1A.

2. Submit requests within 7 days after the Notice to Proceed.

3. Identify product to be replaced and show compliance with requirements for substitutions.
Include a detailed comparison of significant qualities of proposed substitution with those of
the Work specified, a list of changes needed to other parts of the Work required to
accommodate proposed substitution, and any proposed changes in the Contract Sum or the
Contract Time should the substitution be accepted.

C. Architect will review proposed substitutions and notify Contractor of their acceptance or rejection. If
necessary, Architect will request additional information or documentation for evaluation.

1. Architect will notify Contractor of acceptance or rejection of proposed substitution within 15
days of receipt of request, or seven days of receipt of additional information or
documentation, whichever is later.

D. Do not submit unapproved substitutions on Shop Drawings or other submittals.

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION (Not Used)

END OF SECTION 01 25 00
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SECTION 01 42 00 — REFERENCES

PART 1 - GENERAL

1.1 GENERAL REQUIREMENTS

A. Publication Dates: Comply with standards in effect as of date of the Contract Documents unless
otherwise indicated.

B. Abbreviations and Acronyms: Where abbreviations and acronyms are used in Specifications or other
Contract Documents, they shall mean the recognized name of the entities in the following list.
Names are subject to change and are believed to be accurate and up-to-date as of the date of the
Contract Documents.

AA Aluminum Association, Inc. (The)
AAADM American Association of Automatic Door Manufacturers
AABC Associated Air Balance Council
AAMA American Architectural Manufacturers Association
AASHTO American Association of State Highway and Transportation Officials
AATCC American Association of Textile Chemists and Colorists
ABAA Air Barrier Association of America
ABMA American Bearing Manufacturers Association
ACI American Concrete Institute
ACPA American Concrete Pipe Association
AEIC Association of Edison Illuminating Companies, Inc. (The)
AF&PA American Forest & Paper Association
AGA American Gas Association
AHAM Association of Home Appliance Manufacturers
AHRI Air-Conditioning, Heating, and Refrigeration Institute, The
U.S. D.O.E. Solar Decathlon 2013 Construction Specifications | Page 78
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Al

AlA
AISC
AlSI
AITC
ALSC
AMCA
ANSI
AOSA
APA
APA
API
ARI
ARMA
ASCE

ASCE/SEI

ASHRAE

ASME

ASSE

ASTM

AWCI

U.S. D.O.E. Solar Decathlon 2013

References

Asphalt Institute

American Institute of Architects (The)
American Institute of Steel Construction
American Iron and Steel Institute
American Institute of Timber Construction

American Lumber Standard Committee, Incorporated

Air Movement and Control Association International, Inc.

American National Standards Institute
Association of Official Seed Analysts, Inc.
Architectural Precast Association

APA - The Engineered Wood Association
American Petroleum Institute
Air-Conditioning & Refrigeration Institute
Asphalt Roofing Manufacturers Association

American Society of Civil Engineers

American Society of Civil Engineers/Structural Engineering Institute

(See ASCE)

American Society of Heating, Refrigerating and Air-Conditioning Engineers

ASME International

(American Society of Mechanical Engineers International)

American Society of Sanitary Engineering

ASTM International

(American Society for Testing and Materials International)

Association of the Wall and Ceiling Industry
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AWCMA

AWI

AWPA

AWS

AWWA

BHMA

BIA

BICSI

BIFMA

BISSC

CCC

CDA

CEA

CEA

CFFA

CGA

CIMA

CISCA

CISPI

CLFMI

CPA
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References

American Window Covering Manufacturers Association
(Now WCMA)

Architectural Woodwork Institute

American Wood Protection Association
(Formerly: American Wood Preservers' Association)

American Welding Society

American Water Works Association

Builders Hardware Manufacturers Association
Brick Industry Association (The)

BICSI, Inc.

BIFMA International
(Business and Institutional Furniture Manufacturer's Association International)

Baking Industry Sanitation Standards Committee
Carpet Cushion Council

Copper Development Association

Canadian Electricity Association

Consumer Electronics Association

Chemical Fabrics & Film Association, Inc.
Compressed Gas Association

Cellulose Insulation Manufacturers Association
Ceilings & Interior Systems Construction Association
Cast Iron Soil Pipe Institute

Chain Link Fence Manufacturers Institute

Composite Panel Association
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CPPA
CRI
CRRC
CRSI
CSA

CSA

Csl
Csl
CSSB

CTI

DHI
EIA
EIMA
EJCDC
EJMA

ESD

ETL SEMCO

FM Approvals

FM Global

FRSA

Corrugated Polyethylene Pipe Association
Carpet and Rug Institute (The)

Cool Roof Rating Council

Concrete Reinforcing Steel Institute
Canadian Standards Association

CSA International
(Formerly: IAS - International Approval Services)

Cast Stone Institute
Construction Specifications Institute (The)
Cedar Shake & Shingle Bureau

Cooling Technology Institute
(Formerly: Cooling Tower Institute)

Door and Hardware Institute

Electronic Industries Alliance

EIFS Industry Members Association

Engineers Joint Contract Documents Committee
Expansion Joint Manufacturers Association, Inc.

ESD Association
(Electrostatic Discharge Association)

Intertek ETL SEMCO
(Formerly: ITS - Intertek Testing Service NA)

FM Approvals LLC

FM Global
(Formerly: FMG - FM Global)

Florida Roofing, Sheet Metal & Air Conditioning Contractors Association, Inc.

U.S. D.O.E. Solar Decathlon 2013
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FSA Fluid Sealing Association

FSC Forest Stewardship Council

GA Gypsum Association

GANA Glass Association of North America

GRI (Part of GSI)

GS Green Seal

GSI Geosynthetic Institute

HI Hydronics Institute

HI/GAMA Hydronics Institute/Gas Appliance Manufacturers Association
Division of Air-Conditioning, Heating, and Refrigeration Institute (AHRI)

HMMA Hollow Metal Manufacturers Association
(Part of NAAMM)

HPVA Hardwood Plywood & Veneer Association

IAPSC International Association of Professional Security Consultants

ICBO International Conference of Building Officials

ICEA Insulated Cable Engineers Association, Inc.

ICPA International Cast Polymer Association

ICRI International Concrete Repair Institute, Inc.

IEC International Electrotechnical Commission

IEEE Institute of Electrical and Electronics Engineers, Inc. (The)

IESNA Illuminating Engineering Society of North America

IEST Institute of Environmental Sciences and Technology

IGMA Insulating Glass Manufacturers Alliance

U.S. D.O.E. Solar Decathlon 2013 Construction Specifications | Page 82

References

014200



ECHO by TEAM ONTARIO As-Built Project Manual

ILI Indiana Limestone Institute of America, Inc.
ISA Instrumentation, Systems, and Automation Society, The
ISO International Organization for Standardization
Available from ANSI
ISSFA International Solid Surface Fabricators Association
ITS Intertek Testing Service NA
(Now ETL SEMCO)
ITU International Telecommunication Union
KCMA Kitchen Cabinet Manufacturers Association
LGSEA Light Gauge Steel Engineers Association
LPI Lightning Protection Institute
MBMA Metal Building Manufacturers Association
MCA Metal Construction Association
MFMA Maple Flooring Manufacturers Association, Inc.
MFMA Metal Framing Manufacturers Association, Inc.
MH Material Handling
(Now MHIA)
MHIA Material Handling Industry of America
MIA Marble Institute of America
MPI Master Painters Institute
MSS Manufacturers Standardization Society of The Valve and Fittings Industry Inc.
NAAMM National Association of Architectural Metal Manufacturers
NACE NACE International
(National Association of Corrosion Engineers International)
NADCA National Air Duct Cleaners Association
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NAGWS

NAIMA

NBGQA

NCMA

NCTA

NEBB

NECA

NeLMA

NEMA

NETA

NFPA

NFRC

NGA

NHLA

NLGA

NOFMA

NOMMA

NRCA

NRMCA

NSF

NSSGA

U.S. D.O.E. Solar Decathlon 2013

References

National Association for Girls and Women in Sport
North American Insulation Manufacturers Association
National Building Granite Quarries Association, Inc.
National Concrete Masonry Association

National Cable & Telecommunications Association
National Environmental Balancing Bureau

National Electrical Contractors Association
Northeastern Lumber Manufacturers' Association
National Electrical Manufacturers Association
InterNational Electrical Testing Association

NFPA
(National Fire Protection Association)

National Fenestration Rating Council
National Glass Association

National Hardwood Lumber Association
National Lumber Grades Authority

NOFMA: The Wood Flooring Manufacturers Association
(Formerly: National Oak Flooring Manufacturers Association)

National Ornamental & Miscellaneous Metals Association
National Roofing Contractors Association
National Ready Mixed Concrete Association

NSF International
(National Sanitation Foundation International)

National Stone, Sand & Gravel Association
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NTMA National Terrazzo & Mosaic Association, Inc. (The)

PCI Precast/Prestressed Concrete Institute

PDI Plumbing & Drainage Institute

PGl PVC Geomembrane Institute

PTI Post-Tensioning Institute

RCSC Research Council on Structural Connections

RFCI Resilient Floor Covering Institute

RIS Redwood Inspection Service

SAE SAE International

SCAQMD South Coast Air Quality Management District

SCTE Society of Cable Telecommunications Engineers

SDI Steel Deck Institute

SDI Steel Door Institute

SEFA Scientific Equipment and Furniture Association

SEI/ASCE Structural Engineering Institute/American Society of Civil Engineers
(See ASCE)

SIA Security Industry Association

S Steel Joist Institute

SMA Screen Manufacturers Association

SMACNA Sheet Metal and Air Conditioning Contractors'
National Association

SMPTE Society of Motion Picture and Television Engineers

SPFA Spray Polyurethane Foam Alliance
(Formerly: SPI/SPFD - The Society of the Plastics Industry, Inc.; Spray Polyurethane
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Foam Division)

SPIB Southern Pine Inspection Bureau (The)

SPRI Single Ply Roofing Industry

SSINA Specialty Steel Industry of North America

SSPC SSPC: The Society for Protective Coatings

STI Steel Tank Institute

SWI Steel Window Institute

TCNA Tile Council of North America, Inc.

TEMA Tubular Exchanger Manufacturers Association

TIA/EIA Telecommunications Industry Association/Electronic Industries Alliance

TMS The Masonry Society

TPI Truss Plate Institute, Inc.

TPI Turfgrass Producers International

TRI Tile Roofing Institute

UL Underwriters Laboratories Inc.

UNI Uni-Bell PVC Pipe Association

USGBC U.S. Green Building Council

USITT United States Institute for Theatre Technology, Inc.

WASTEC Waste Equipment Technology Association

WCLIB West Coast Lumber Inspection Bureau

WCMA Window Covering Manufacturers Association

WDMA Window & Door Manufacturers Association

(Formerly: NWWDA - National Wood Window and Door Association)
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Wi Woodwork Institute (Formerly: WIC - Woodwork Institute of California)
WIC Woodwork Institute of California
(Now WI)
WMMPA Wood Moulding & Millwork Producers Association
WSRCA Western States Roofing Contractors Association
WWPA Western Wood Products Association
C. Code Agencies: Where abbreviations and acronyms are used in Specifications or other Contract

Documents, they shall mean the recognized name of the entities in the following list. Names, are
subject to change and are believed to be accurate and up-to-date as of the date of the Contract

Documents.

DIN Deutsches Institut fur Normung e.V.

IAPMO International Association of Plumbing and Mechanical Officials
ICC International Code Council

ICC-ES ICC Evaluation Service, Inc.

DIN Deutsches Institut fur Normung e.V.

IAPMO International Association of Plumbing and Mechanical Officials
ICC International Code Council

ICC-ES ICC Evaluation Service, Inc.

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION (Not Used)

END OF SECTION 01 42 00
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SECTION 01 50 00 - TEMPORARY FACILITIES AND CONTROLS

PART 1 - GENERAL

11 SECTION REQUIREMENTS

A. Electric Service: Comply with NECA, NEMA, and UL standards and regulations for temporary electric
service. Install service to comply with NFPA 70.

B. Accessible Temporary Egress: Comply with applicable provisions in ICC A117.1.

PART 2 - PRODUCTS

2.1 EQUIPMENT

A Fire Extinguishers: Portable, UL rated; with class and extinguishing agent as required by locations
and classes of fire exposures.

B. HVAC Equipment: Unless Owner authorizes use of permanent HVAC system, provide vented, self-
contained, liquid-propane-gas or fuel-oil heaters with individual space thermostatic control.

1. Use of gasoline-burning space heaters, open-flame heaters, or salamander-type heating units
is prohibited.

2. Heating Units: Listed and labeled for type of fuel being consumed, by a testing agency
acceptable to authorities having jurisdiction, and marked for intended use.

3. Permanent HVAC System: If Owner authorizes use of permanent HVAC system for temporary
use during construction, provide filter with MERV of 8 at each return-air grille in system and
remove at end of construction.

PART 3 - EXECUTION

3.1 TEMPORARY UTILITY INSTALLATION
A. General: Install temporary service or connect to existing service.

1. Arrange with utility company, Owner, and existing users for time when service can be
interrupted, if necessary, to make connections for temporary services.

B. Sanitary Facilities: Provide temporary toilets, wash facilities, and drinking-water fixtures. Comply
with regulations and health codes for type, number, location, operation, and maintenance of fixtures
and facilities.
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3.2

3.3

34

1. Toilets: Use of Owner's existing toilet facilities will be permitted, as long as facilities are
cleaned and maintained in a condition acceptable to Owner. At Substantial Completion,
restore these facilities to condition existing before initial use.

Heating and Cooling: Provide temporary heating and cooling required for curing or drying of
completed installations or for protecting installed construction from adverse effects of low
temperatures or high humidity. Select equipment that will not have a harmful effect on completed
installations or elements being installed.

Provide temporary lighting with local switching that provides adequate illumination for construction
operations, observations, inspections, and traffic conditions.
SUPPORT FACILITIES INSTALLATION

Install project identification and other signs in locations indicated to inform the public and persons
seeking entrance to Project.

Waste Disposal Facilities: Provide waste-collection containers in sizes adequate to handle waste
from construction operations. Comply with requirements of authorities having jurisdiction.
SECURITY AND PROTECTION FACILITIES INSTALLATION

Furnish and install site enclosure fence in a manner that will prevent people and animals from easily
entering site except by entrance gates.

Barricades, Warning Signs, and Lights: Comply with requirements of authorities having jurisdiction
for erecting structurally adequate barricades, including warning signs and lighting.

Provide temporary enclosures for protection of construction, in progress and completed, from
exposure, foul weather, other construction operations, and similar activities. Provide temporary

weathertight enclosure for building exterior.

Install and maintain temporary fire-protection facilities. Comply with NFPA 241.

MOISTURE AND MOLD CONTROL

Before installation of weather barriers, protect materials from water damage and keep porous and
organic materials from coming into prolonged contact with concrete.

1. Protect stored and installed material from flowing or standing water.
2. Remove standing water from decks.
3. Keep deck openings covered or dammed.
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B. After installation of weather barriers but before full enclosure and conditioning of building, protect
as follows:
1. Do not load or install drywall or porous materials into partially enclosed building.
2. Discard water-damaged material.
3. Do not install material that is wet.
4. Discard, replace, or clean stored or installed material that begins to grow mold.
5. Perform work in a sequence that allows any wet materials adequate time to dry before

enclosing the material in drywall or other interior finishes.

3.5 OPERATION, TERMINATION, AND REMOVAL

A. Supervision: Enforce strict discipline in use of temporary facilities. To minimize waste and abuse,
limit availability of temporary facilities to essential and intended uses.

B. Remove each temporary facility when need for its service has ended, when it has been replaced by
authorized use of a permanent facility, or no later than Substantial Completion.

C. At Substantial Completion, repair, renovate, and clean permanent facilities used during construction
period.

END OF SECTION 01 50 00
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SECTION 01 60 00 - PRODUCT REQUIREMENTS

PART 1 - GENERAL

11

SECTION REQUIREMENTS

The term "product" includes the terms "material," "equipment,
intent.

system," and terms of similar

Comparable Product Requests: Submit request for consideration of each comparable product.
Identify product or fabrication or installation method to be replaced.

1. Show compliance with requirements for comparable product requests.
2. Architect will review the proposed product and notify Contractor of its acceptance or
rejection.

Basis-of-Design Product Specification Submittal: Show compliance with requirements.

Compatibility of Options: If Contractor is given option of selecting between two or more products,
select product compatible with products previously selected.

Deliver, store, and handle products using means and methods that will prevent damage,
deterioration, and loss, including theft. Comply with manufacturer's written instructions.

1. Schedule delivery to minimize long-term storage at Project site and to prevent overcrowding
of construction spaces.

2. Deliver products to Project site in manufacturer's original sealed container or packaging,
complete with labels and instructions for handling, storing, unpacking, protecting, and
installing.

3. Inspect products on delivery to ensure compliance with the Contract Documents and to
ensure that products are undamaged and properly protected.

4, Store materials in a manner that will not endanger Project structure.

5. Store products that are subject to damage by the elements, under cover in a weathertight

enclosure above ground, with ventilation adequate to prevent condensation.

Warranties specified in other Sections shall be in addition to, and run concurrent with, other
warranties required by the Contract Documents. Manufacturer's disclaimers and limitations on
product warranties do not relieve Contractor of obligations under requirements of the Contract
Documents.

U.S. D.O.E. Solar Decathlon 2013 Construction Specifications | Page 91
Product Requirements 016000



ECHO by TEAM ONTARIO As-Built Project Manual

PART 2 - PRODUCTS

2.1

PRODUCT SELECTION PROCEDURES

Provide products that comply with the Contract Documents, are undamaged, and, unless otherwise
indicated, are new at the time of installation.

1. Provide products complete with accessories, trim, finish, and other devices and components
needed for a complete installation and the intended use and effect.

2. Where products are accompanied by the term "as selected," Architect will make selection.

3. Descriptive, performance, and reference standard requirements in the Specifications establish

salient characteristics of products.

Where the following headings are used to list products or manufacturers, the Contractor's options
for product selection are as follows:

1. Products:
a. Where requirements include "one of the following," provide one of the products listed
that complies with requirements.
b. Where requirements do not include "one of the following," provide one of the products

listed that complies with requirements or a comparable product.

2. Manufacturers:

a. Where requirements include "one of the following," provide a product that complies
with requirements by one of the listed manufacturers.

b. Where requirements do not include "one of the following," provide a product that
complies with requirements by one of the listed manufacturers or another
manufacturer.

3. Basis-of-Design Product: Provide the product named, or indicated on the Drawings, or a

comparable product by one of the listed manufacturers.

Where Specifications require "match Architect's sample," provide a product that complies with
requirements and matches Architect's sample. Architect's decision will be final on whether a
proposed product matches.

Where Specifications include the phrase "as selected by Architect from manufacturer's full range" or
similar phrase, select a product that complies with requirements. Architect will select color, gloss,
pattern, density, or texture from manufacturer's product line that includes both standard and
premium items.
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2.2 COMPARABLE PRODUCTS

A Architect will consider Contractor's request for comparable product when the following conditions
are satisfied:

1. Evidence that the proposed product does not require revisions to the Contract Documents,
that it is consistent with the Contract Documents and will produce the indicated results, and
that it is compatible with other portions of the Work.

2. Detailed comparison of significant qualities of proposed product with those named in the

Specifications.

List of similar installations for completed projects, if requested.

4, Samples, if requested.

w

PART 3 - EXECUTION (Not Used)

END OF SECTION 01 60 00
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SECTION 01 70 00 - EXECUTION AND CLOSEOUT REQUIREMENTS

PART 1 - GENERAL

11 EXECUTION REQUIREMENTS

A. Certificates: Submit certificate signed by professional engineer certifying that location and elevation
of improvements comply with requirements.

B. Cutting and Patching:

1. Structural Elements: When cutting and patching structural elements, notify Architect of
locations and details of cutting and await directions from Architect before proceeding. Shore,
brace, and support structural elements during cutting and patching.

2. Operational Elements: Do not cut and patch operating elements and related components in a
manner that results in reducing their capacity to perform as intended or that results in
increased maintenance or decreased operational life or safety.

3. Visual Elements: Do not cut and patch construction in a manner that results in visual evidence
of cutting and patching. Do not cut and patch exposed construction in a manner that would,
in Architect's opinion, reduce the building's aesthetic qualities.

C. Manufacturer's Installation Instructions: Obtain and maintain on-site manufacturer's written
recommendations and instructions for installation of products and equipment.

1.2 CLOSEOUT SUBMITTALS
A. Contractor's List of Incomplete Items: Initial submittal at Substantial Completion.
B. Certified List of Incomplete Items: Final submittal at Final Completion.
C. Operation and Maintenance Data: Submit one copy of manual.
D. PDF Electronic File: Assemble manual into a composite electronically indexed file. Submit on digital
media.
E. Record Drawings: Submit one set of marked-up record prints.

F. Record Digital Data Files: Submit data file and one set of plots.

G. Record Product Data: Submit one annotated PDF electronic files and directories of each submittal.
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13

1.4

SUBSTANTIAL COMPLETION PROCEDURES

Prepare a list of items to be completed and corrected (punch list), the value of items on the list, and
reasons why the Work is not complete.

Submittals Prior to Substantial Completion: Before requesting Substantial Completion inspection,
complete the following:

1. Obtain and submit releases from authorities having jurisdiction permitting Owner unrestricted
use of the Work and access to services and utilities. Include occupancy permits, operating
certificates, and similar releases.

2. Submit closeout submittals specified in other sections, including project record documents,
operation and maintenance manuals, property surveys, similar final record information,
warranties, workmanship bonds, maintenance service agreements, final certifications, and
similar documents.

3. Submit maintenance material submittals specified in other sections, including tools, spare
parts, extra materials, and similar items, and deliver to location designated by Architect.

4, Submit test/adjust/balance records.

5. Submit changeover information related to Owner's occupancy, use, operation, and

maintenance.

Procedures Prior to Substantial Completion: Before requesting Substantial Completion inspection,
complete the following:

1. Advise Owner of pending insurance changeover requirements.

2. Make final changeover of permanent locks and deliver keys to Owner.

3. Complete startup and testing of systems and equipment.

4, Perform preventive maintenance on equipment used prior to Substantial Completion.

5. Advise Owner of changeover in heat and other utilities.

6. Participate with Owner in conducting inspection and walkthrough with local emergency
responders.

7. Remove temporary facilities and controls.

8. Complete final cleaning requirements, including touchup painting.

9. Touch up and otherwise repair and restore marred exposed finishes to eliminate visual

defects.

Inspection: Submit a written request for inspection for Substantial Completion. On receipt of
request, Architect will proceed with inspection or advise Contractor of unfulfilled requirements.
Architect will prepare the Certificate of Substantial Completion after inspection or will advise
Contractor of items that must be completed or corrected before certificate will be issued.

FINAL COMPLETION PROCEDURES

Submittals Prior to Final Completion: Before requesting inspection for determining final completion,
complete the following:
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1. Submit a final Application for Payment.

2. Submit certified copy of Architect's Substantial Completion inspection list of items to be
completed or corrected (punch list), endorsed and dated by Architect. Certified copy of the
list shall state that each item has been completed or otherwise resolved.

3. Certificate of Insurance: Submit evidence of final, continuing insurance coverage complying
with insurance requirements.
4, Submit pest-control final inspection report.

Submit a written request for final inspection for acceptance. On receipt of request, Architect will
either proceed with inspection or notify Contractor of unfulfilled requirements. Architect will
prepare final Certificate for Payment after inspection or will advise Contractor of items that must be
completed or corrected before certificate will be issued.

1. Reinspection: Request reinspection when the Work identified in previous inspections as
incomplete is completed or corrected.

PART 2 - PRODUCTS

2.1

2.2

MATERIALS

In-Place Materials: Use materials for patching identical to in-place materials. For exposed surfaces,
use materials that visually match in-place adjacent surfaces to the fullest extent possible.

Cleaning Agents: Use cleaning materials and agents recommended by manufacturer or fabricator of
the surface to be cleaned. Do not use cleaning agents that are potentially hazardous to health or
property or that might damage finished surfaces.

1. Use cleaning products that comply with Green Seal's GS-37, or if GS-37 is not applicable, use
products that comply with the California Code of Regulations maximum allowable VOC levels.
OPERATION AND MAINTENANCE DOCUMENTATION

Directory: Prepare a single, comprehensive directory of emergency, operation, and maintenance
data and materials, listing items and their location to facilitate ready access to desired information.

Organization: Unless otherwise indicated, organize manual into separate sections for each system
and subsystem, and separate sections for each piece of equipment not part of a system.

Organize data into three-ring binders with identification on front and spine of each binder, and
envelopes for folded drawings. Include the following:

1. Manufacturer's operation and maintenance documentation.
2. Maintenance and service schedules.
3. Maintenance service contracts. Include name and telephone number of service agent.
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2.3

Emergency instructions.

Spare parts list and local sources of maintenance materials.

Wiring diagrams.

Copies of warranties. Include procedures to follow and required notifications for warranty
claims

Nouvas

RECORD DRAWINGS

Record Prints: Maintain a set of prints of the Contract Drawings and Shop Drawings, incorporating
new and revised drawings as modifications are issued. Mark to show actual installation where
installation varies from that shown originally. Accurately record information in an acceptable
drawing technique.

1. Identify and date each record Drawing; include the designation "PROJECT RECORD DRAWING"
in a prominent location.

Record Digital Data Files: Immediately before inspection for Certificate of Substantial Completion,
review marked-up record prints with Architect. When authorized, prepare a full set of corrected
digital data files of the Contract Drawings.

1. Format: Annotated PDF electronic file.

PART 3 - EXECUTION

3.1

EXAMINATION AND PREPARATION

Existing Conditions: The existence and location of underground and other utilities and construction
indicated as existing are not guaranteed. Before beginning sitework, investigate and verify the
existence and location of underground utilities, mechanical and electrical systems, and other
construction affecting the Work.

Before proceeding with each component of the Work, examine substrates, areas, and conditions,
with Installer or Applicator present where indicated, for compliance with requirements for
installation tolerances and other conditions affecting performance.

1. Verify compatibility with and suitability of substrates.
2. Examine roughing-in for mechanical and electrical systems.
3. Examine walls, floors, and roofs for suitable conditions.

Proceed with installation only after unsatisfactory conditions have been corrected.

Take field measurements as required to fit the Work properly. Where portions of the Work are
indicated to fit to other construction, verify dimensions of other construction by field measurements
before fabrication.
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3.2

3.3

Verify space requirements and dimensions of items shown diagrammatically on Drawings.

CONSTRUCTION LAYOUT AND FIELD ENGINEERING

Before proceeding to lay out the Work, verify layout information shown on Drawings, in relation to
the property survey and existing benchmarks.

Engage a professional engineer to lay out the Work using accepted surveying practices.

Engage a professional engineer to prepare a final property survey showing significant features (real
property) for Project.

1. At Substantial Completion, have the final property survey recorded by or with authorities
having jurisdiction as the official "property survey."

INSTALLATION

Locate the Work and components of the Work accurately, in correct alignment and elevation, as
indicated.

1. Make vertical work plumb and make horizontal work level.
2. Conceal pipes, ducts, and wiring in finished areas unless otherwise indicated.
3. Maintain minimum headroom clearance of 96 inches (2440 mm) in occupied spaces and 90

inches (2300 mm) in unoccupied spaces.
Comply with manufacturer's written instructions and recommendations.

Conduct construction operations so no part of the Work is subjected to damaging operations or
loading in excess of that expected during normal conditions of occupancy.

Templates: Obtain and distribute to the parties involved templates for work specified to be factory
prepared and field installed.

Attachment: Provide blocking and attachment plates and anchors and fasteners of adequate size
and number to securely anchor each component in place. Where size and type of attachments are
not indicated, verify size and type required for load conditions.

1. Mounting Heights: Where mounting heights are not indicated, mount components at heights
directed by Architect.

Joints: Make joints of uniform width. Where joint locations in exposed work are not indicated,
arrange joints for the best visual effect. Fit exposed connections together to form hairline joints.

Use products, cleaners, and installation materials that are not considered hazardous.
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34

35

CUTTING AND PATCHING
Provide temporary support of work to be cut.

Protection: Protect in-place construction during cutting and patching to prevent damage. Provide
protection from adverse weather conditions for portions of Project that might be exposed during
cutting and patching operations.

Where existing services/systems are required to be removed, relocated, or abandoned, bypass such
services/systems before cutting to prevent interruption to occupied areas.

Cutting: Cut in-place construction using methods least likely to damage elements retained or
adjoining construction.

1. Cut holes and slots neatly to minimum size required, and with minimum disturbance of
adjacent surfaces. Temporarily cover openings when not in use.

Patch with durable seams that are as invisible as possible. Provide materials and comply with
installation requirements specified in other Sections.

1. Restore exposed finishes of patched areas and extend finish restoration into adjoining
construction in a manner that will minimize evidence of patching and refinishing.
2. Where walls or partitions that are removed extend one finished area into another, patch and

repair floor and wall surfaces in the new space. Provide an even surface of uniform finish,
color, texture, and appearance.

3. Where patching occurs in a painted surface, prepare substrate and apply primer and
intermediate paint coats appropriate for substrate over the patch, and apply final paint coat
over entire unbroken surface containing the patch. Provide additional coats until patch blends
with adjacent surfaces.

CLEANING
Clean Project site and work areas daily, including common areas. Dispose of materials lawfully.

1. Remove liquid spills promptly.

2. Where dust would impair proper execution of the Work, broom-clean or vacuum the entire
work area, as appropriate.
3. Remove debris from concealed spaces before enclosing the space.

Complete the following cleaning operations before requesting inspection for certification of
Substantial Completion:

1. Clean Project site, yard, and grounds, in areas disturbed by construction activities. Sweep
paved areas; remove stains, spills, and foreign deposits. Rake grounds that are neither planted
nor paved to a smooth, even-textured surface.

2. Sweep paved areas broom clean. Remove spills, stains, and other foreign deposits.
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3.6

3.7

3. Remove labels that are not permanent.

4, Clean transparent materials, including mirrors. Remove excess glazing compounds.

5. Clean exposed finishes to a dust-free condition, free of stains, films, and foreign substances.
Sweep concrete floors broom clean.

6. Vacuum carpeted surfaces and wax resilient flooring.

7. Wipe surfaces of mechanical and electrical equipment. Remove excess lubrication and foreign
substances. Clean plumbing fixtures. Clean light fixtures, lamps, globes, and reflectors.

8. Replace disposable air filters and clean permanent air filters. Clean exposed surfaces of

diffusers, registers, and grills.

OPERATION AND MAINTENANCE MANUAL PREPARATION

Operation and Maintenance Manuals: Assemble a complete set of operation and maintenance data
indicating operation and maintenance of each system, subsystem, and piece of equipment not part
of a system.

Manufacturers' Data: Where manuals contain manufacturers' standard printed data, include only
sheets pertinent to product or component installed. Mark each sheet to identify each product or
component incorporated into the Work. If data include more than one item in a tabular format,
identify each item using appropriate references from the Contract Documents. Identify data
applicable to the Work and delete references to information not applicable.

1. Prepare supplementary text if manufacturers' standard printed data are unavailable and
where the information is necessary for proper operation and maintenance of equipment or
systems.

Drawings: Prepare drawings supplementing manufacturers' printed data to illustrate the relationship
of component parts of equipment and systems and to illustrate control sequence and flow diagrams.
DEMONSTRATION AND TRAINING

Engage qualified instructors to instruct Owner's personnel to adjust, operate, and maintain systems,
subsystems, and equipment not part of a system. Include a detailed review of the following:

1. Include instruction for basis of system design and operational requirements, review of
documentation, emergency procedures, operations, adjustments, troubleshooting,
maintenance, and repairs.

END OF SECTION 01 70 00
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SECTION 01 74 19 - CONSTRUCTION WASTE MANAGEMENT AND DISPOSAL

PART 1 - GENERAL

11

U.S. D.O.E. Solar Decathlon 2013

SECTION REQUIREMENTS

Action Submittals:

1.

Waste Management Plan: Submit plan within 30 days of date established for commencement
of the Work.

Informational Submittals:

E

Waste Reduction Progress Reports: Submit concurrent with each Application for Payment.
Include total quantity of waste, total quantity of waste salvaged and recycled, and percentage
of total waste salvaged and recycled.

Records of Donations and Sales: Receipts for salvageable waste donated or sold to individuals
and organizations. . Indicate whether organization is tax exempt.

Recycling and Processing Facility Records: Manifests, weight tickets, receipts, and invoices.
Landfill and Incinerator Disposal Records: Manifests, weight tickets, receipts, and invoices.
Statement of Refrigerant Recovery: Signed by refrigerant recovery technician responsible for
recovering refrigerant, stating that all refrigerant that was present was recovered and that
recovery was performed according to EPA regulations.

Refrigerant Recovery Technician Qualifications: Certified by EPA-approved certification program.

Waste Management Plan: Develop a waste management plan consisting of waste identification,
waste reduction work plan, and cost/revenue analysis. Indicate quantities by weight or volume, but
use same units of measure throughout waste management plan.

1.
2.

Salvaged Materials for Reuse: Identify materials that will be salvaged and reused.

Salvaged Materials for Sale: Identify materials that will be sold to individuals and
organizations, include list of their names, addresses, and telephone numbers.

Salvaged Materials for Donation: Identify materials that will be donated to individuals and
organizations, include list of their names, addresses, and telephone numbers.

Recycled Materials: Include list of local receivers and processors and type of recycled
materials each will accept. Include names, addresses, and telephone numbers.

Cost/Revenue Analysis: Indicate total cost of waste disposal as if there was no waste
management plan and net additional cost or net savings resulting from implementing waste
management plan.
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PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS
A Achieve end-of-Project rates for salvage/recycling of 75 percent by weight of total nonhazardous
solid waste generated by the Work.

PART 3 - EXECUTION

3.1 PLAN IMPLEMENTATION
A General: Implement approved waste management plan. Provide handling, containers, storage,
signage, transportation, and other items as required to implement waste management plan during

the entire duration of the Contract.

B. Training: Train workers, subcontractors, and suppliers on proper waste management procedures, as
appropriate for the Work occurring at Project site.

1. Distribute waste management plan to entities when they first begin work on-site. Review plan
procedures and locations established for salvage, recycling, and disposal.

3.2 SALVAGING DEMOLITION WASTE

A. Salvaged Items for Reuse in the Work: Clean salvaged items and install salvaged items to comply
with installation requirements for new materials and equipment.

B. Salvaged Items for Sale and Donation: Permitted on Project site.

C. Salvaged Items for Owner's Use: Clean salvaged items and store in a secure area until delivery to
Owner.

D. Doors and Hardware: Brace open end of door frames. Except for removing door closers, leave door

hardware attached to doors.
E. Equipment: Drain tanks, piping, and fixtures. Seal openings with caps or plugs.
F. Plumbing Fixtures: Separate by type and size.

G. Lighting Fixtures: Separate lamps by type and protect from breakage.

3.3 RECYCLING WASTE
A. General: Recycle paper and beverage containers used by on-site workers.
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B. Packaging:

1.

Cardboard and Boxes: Break down packaging into flat sheets. Bundle and store in a dry
location.

Polystyrene Packaging: Separate and bag materials.

Pallets: As much as possible, require deliveries using pallets to remove pallets from Project
site. For pallets that remain on-site, break down pallets into component wood pieces and
comply with requirements for recycling wood.

Crates: Break down crates into component wood pieces and comply with requirements for
recycling wood.

C. Wood Materials:

Sort and stack reusable members according to size, type, and length. Separate lumber,
engineered wood products, panel products, and treated wood materials.

Clean Cut-Offs of Lumber: Grind or chip into small pieces.

Clean Sawdust: Bag sawdust that does not contain painted or treated wood.

D. Metals: Separate metals by type.

E. Gypsum Board: Stack large clean pieces on wood pallets or in container and store in a dry location.
Remove edge trim and sort with other metals. Remove and dispose of fasteners.

F. Piping: Reduce piping to straight lengths and store by type and size. Separate supports, hangers,
valves, sprinklers, and other components by type and size.

G. Conduit: Reduce conduit to straight lengths and store by type and size.

34 DISPOSAL OF WASTE

A. Except for items or materials to be salvaged, recycled, or otherwise reused, remove waste materials
from Project site and legally dispose of them in a landfill or incinerator acceptable to authorities
having jurisdiction.

B. Do not burn waste materials.

END OF SECTION 01 74 19
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SECTION 01 81 13 - SUSTAINABLE DESIGN REQUIREMENTS

PART 1 - GENERAL

11

SECTION REQUIREMENTS

Definitions:

Regional Materials: Materials that have been extracted, harvested, or recovered, as well as
manufactured, within 500 miles (800 km) of Project site. If only a fraction of a product or
material is extracted/harvested/recovered and manufactured locally, then only that
percentage (by weight) shall contribute to the regional value.

Recycled Content: The recycled content shall be determined by weight.

a. "Post-consumer" material is defined as waste material generated by end users of the
product, which can no longer be used for its intended purpose.
b. "Pre-consumer" material is defined as material diverted from the waste stream during

the manufacturing process. Excluded is reutilization of materials such as scrap
generated in a process that is reclaimed in the same process that generated it.

Submittals:

Project Materials Cost Data: Provide statement indicating total cost for materials used for
Project. Costs exclude labor, overhead, and profit. Include breakout of costs for plumbing
mechanical electrical and wood-based construction materials. Submit within 30 days of date
established for commencement of the Work.

List of proposed materials with recycled content. Indicate post-consumer recycled content
and pre-consumer recycled content for each product. Submit within 30 days of date
established for commencement of the Work.

List of proposed regional materials. Submit within 30 days of date established for
commencement of the Work.

List of proposed certified wood products. Submit within 30 days of date established for
commencement of the Work.

Product Data.

Chain-of-custody certificates for certified wood products. Include statement of cost for each
product.
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PART 2 - PRODUCTS

2.1

2.2

MATERIALS

Provide products and procedures necessary to meet requirements of this Section. Although other
Sections may specify similar requirements, the Contractor shall determine additional materials and
procedures necessary to comply with this Section.

Recycled Content of Materials: Building materials shall have recycled content such that post-
consumer recycled content plus one-half of pre-consumer recycled content constitutes a minimum
of 10 percent of cost of materials used for Project.

1. Do not include mechanical and electrical components in the calculation.

Regional Materials: Not less than 10 percent of building materials (by cost) shall be regional
materials.

Certified Wood: Wood-based materials produced from tropical forests shall be certified as "FSC
Pure" according to FSC STD-01-001, "FSC Principles and Criteria for Forest Stewardship" and to
FSC STD-40-004, "FSC Standard for Chain of Custody Certification."

Certified Wood:

1. Wood or wood-based products shall be certified to the requirements of one of the following:
a. American Forest Foundation's "American Tree Farm System."
b CSA Z809, "Sustainable Forest Management System Standards."

FSC STD-01-001, "FSC Principles and Criteria for Forest Stewardship" and FSC STD-40-
004, "FSC Standard for Chain of Custody Certification."

d. Sustainable Forestry Initiative, Inc.'s "Sustainable Forestry Initiative."

e. Other product programs recognized by Programme for the Endorsement of Forest
Certification schemes.

LOW-EMITTING MATERIALS
Adhesives and sealants shall comply with the following limits for VOC content:

Wood Glues: 30 g/L.

Metal-to-Metal Adhesives: 30 g/L.

Adhesives for Porous Materials (Except Wood): 50 g/L.
Subfloor Adhesives: 50 g/L.

Plastic Foam Adhesives: 50 g/L.

Carpet Adhesives: 50 g/L.

Carpet Pad Adhesives: 50 g/L.

VCT and Asphalt Tile Adhesives: 50 g/L.

O No U A WN R
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9, Cove Base Adhesives: 50 g/L.
10. Gypsum Board and Panel Adhesives: 50 g/L.
11. Rubber Floor Adhesives: 60 g/L.
12.  Ceramic Tile Adhesives: 65 g/L.
13.  Multipurpose Construction Adhesives: 70 g/L.
14.  Fiberglass Adhesives: 80 g/L.
15. Contact Adhesive: 80 g/L.
16.  Structural Glazing Adhesives: 100 g/L.
17. Wood Flooring Adhesive: 100 g/L.
18.  Structural Wood Member Adhesive: 140 g/L.
19. Single-Ply Roof Membrane Adhesive: 250 g/L.
20. Special-Purpose Contact Adhesive (contact adhesive that is used to bond melamine covered
board, metal, unsupported vinyl, PTFE, ultra-high molecular weight polyethylene, rubber or
wood veneer 1/16 inch or less in thickness to any surface): 250 g/L.
21. Top and Trim Adhesive: 250 g/L.
22.  Plastic Cement Welding Compounds: 250 g/L.
23.  ABS Welding Compounds: 325 g/L.
24. CPVC Welding Compounds: 490 g/L.
25. PVC Welding Compounds: 510 g/L.
26.  Adhesive Primer for Plastic: 550 g/L.
27. Sheet-Applied Rubber Lining Adhesive: 850 g/L.
28. Aerosol Adhesive, General-Purpose Mist Spray: 65 percent by weight.
29. Aerosol Adhesive, General-Purpose Web Spray: 55 percent by weight.
30. Special-Purpose Aerosol Adhesive (All Types): 70 percent by weight.
31. Other Adhesives: 250 g/L.
32.  Architectural Sealants: 250 g/L.
33.  Nonmembrane Roof Sealants: 300 g/L.
34.  Single-Ply Roof Membrane Sealants: 450 g/L.
35. Other Sealants: 420 g/L.
36. Sealant Primers for Nonporous Substrates: 250 g/L.
37. Sealant Primers for Porous Substrates: 775 g/L.
38. Modified Bituminous Sealant Primers: 500 g/L.
39. Other Sealant Primers: 750 g/L.
B. Exterior adhesives and sealants shall comply with Green Seal's GS-36 and the following limits for VOC
content:
1. Construction Adhesives: 75 g/L.
2. Reactive sealants: 50 g/L.
3. Other Caulks and Sealants: 30 g/L.
4, Contact Adhesives: 480 g/L.
C. Interior adhesives and sealants shall comply with Green Seal's GS-36 and with the testing and

product requirements of the California Department of Health Services' "Standard Practice for the
Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental
Chambers."
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Paints and coatings shall comply with the following limits for VOC content:
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Flat Paints and Coatings: 50 g/L.

Nonflat Paints, Coatings: 150 g/L.

Dry-Fog Coatings: 400 g/L.

Primers, Sealers, and Undercoaters: 200 g/L.

Anticorrosive and Antirust Paints Applied to Ferrous Metals: 250 g/L.

Zinc-Rich Industrial Maintenance Primers: 340 g/L.
Pretreatment Wash Primers: 420 g/L.

Clear Wood Finishes, Varnishes: 350 g/L.

Clear Wood Finishes, Lacquers: 550 g/L.

Floor Coatings: 100 g/L.

Shellacs, Clear: 730 g/L.

Shellacs, Pigmented: 550 g/L.

Stains: 250 g/L.

Composite wood and agrifiber products and adhesives shall not contain urea-formaldehyde resin.

PART 3 - EXECUTION

3.1

3.2

REFRIGERANT REMOVAL

Remove CFC-based refrigerants from existing HVAC&R equipment indicated to remain and replace
with refrigerants that are not CFC based. Replace or adjust existing equipment to accommodate new
refrigerant.

CONSTRUCTION INDOOR-AIR-QUALITY MANAGEMENT

Comply with SMACNA's "SMACNA IAQ Guideline for Occupied Buildings under Construction."

1.

2.

If Owner authorizes use of permanent heating, cooling, and ventilating systems during
construction period as specified in Section 015000 "Temporary Facilities and Controls," install
filter media having a MERV 8 according to ASHRAE 52.2 at each return-air inlet for the air-

handling system used during construction.
Replace all air filters immediately prior to occupancy.

After construction ends, prior to occupancy and with all interior finishes installed, perform a building
flush-out by supplying a total volume of 14000 cu. ft. (4 300 000 L) of outdoor air per sq. ft. (sq. m) of
floor area while maintaining an internal temperature of at least 60 deg F (16 deg C) and a relative
humidity no higher than 60 percent.

END OF SECTION 01 81 13
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Division 02 — EXISTING CONDITIONS

SECTION 02 43 13.13 — BUILDING RELOCATION

PART 1 - GENERAL

11

1.2

1.3

1.4

SUMMARY

This section includes the methods, equipment and schedules necessary for the transportation of
ECHO from Perth, ON to Irvine, CA and back.

SYSTEM DESCRIPTION

The building is comprised of two modules that will be temporarily mounted on double drop mini
deck trailers for delivery and lifted onto a seismic pier anchored foundation.

The 2 trailers will be pulled by semi-trucks. The DOT has established these vehicle limits:102 inches
wide, 13.5 feet in height, and 80,000 pounds gross weight. These limits can be exceeded as individual
states have the right to issue temporary oversize and/or overweight permits.

The 2 trailers will be pulled by any standard Medium Duty 3/4 - 1 ton truck.

Design Requirements

1. ECHO is designed as two group of connectable parts, each of which shall not exceed the
allowable dimensions of a flatbed truck, nor shall it exceed the allowable dimensions for
highway transportation under federal highway laws. Each component does not exceed the
13 ft 6 in height from ground when resting on the bed of the truck[s].

2. The modules are designed to sit on standard 8’ wide trailers, which can legally be pulled by
medium duty trucks. Both modules have been designed to fit within the 12 ft maximum

dimension for oversize loads requiring one escort. A permit will be purchased prior to
shipment.

SUBMITTALS

Site Operations and Transportation Plan Solar Decathlon 2013: include trailer specifications, route
information, delivery information and site operations.

PERFORMANCE REQUIREMENTS

ECHO as a whole must perform identically before and after transportation and re-construction.
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B.

ECHO as a series of parts shall be transported using specified packing and securing methods and no
components shall be damaged during transportation.

PART 2 - EXECUTION

2.1

2.2

2.3

QUALITY ASSURANCE

Ensure that product is in proper and good working order before accepting the delivery of the
product.

DELIVERY, STORAGE & HANDLING

The exact time of delivery to Irvine, CA shall be coordinated with the team’s and the organizer’s
schedule.

Additional transportation:

1. Conditioned flower trucks for all plants.

2. One trailer towing two 20 ft shipping containers containing the deck modules and the exo-
structure

3. Moving truck for furnishings

All trailers shall be wrapped with waterproof wrapping to protect the surfaces. For the two main
house trailers, a temporary structure shall be constructed at marriage lines to protect the interior of
the trailers.

INSTALLATION

ECHO and all of its components shall be disassembled, reassembled, packed, secured, and shipped
by designated individuals in accordance with the specified instructions.

PART 3 - EXECUTION (Not Used)

END OF SECTION 02 43 13.13
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Division 06 — WOOD, PLASTICS AND COMPOSITES

SECTION 06 10 00 - ROUGH CARPENTRY

PART 1 - GENERAL

11 SECTION REQUIREMENTS

A. Submittals: ICC-ES evaluation reports for Bluwood evaluation report, LVL evaluation report, Joist
Hanger report, 5/8-inch threaded rod.

PART 2 - PRODUCTS

2.1 WOOD PRODUCTS, GENERAL
A. Certified Wood: All wood has been sourced through Lowes Canada and approved FSC pure
B. Engineered Wood Products: Acceptable to authorities having jurisdiction and for which current

model code research or evaluation reports exist that show compliance with building code in effect
for Project.

1. Allowable Design Stresses: West Fraser LVL is designed as a solid-sawn lumber in accordance
with the applicable code and the National Design Specification for Wood Construction (NDS).
Allowable design values are as listed within the ICC-ES evaluation report. Maximum allowable
member design values can be found in Table 1 of the report.
2.2 TREATED MATERIALS

A. Preservative-Treated Materials: BluWood studs.

1. Treated with Disodium Octaborate Tetrehydrate
2. Kiln-dried to a moisture content of 19%

B. Provide preservative-treated materials for items indicated on the drawings and the following:

1. Exterior framing in contact with steel siding.

2.3 FRAMING

A. Certified Wood: All wood has been sourced through Lowes Canada and approved FSC pure
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B. Dimension Lumber:

1. Maximum Moisture Content: 15% moisture content for 2-inch nominal (38mm)
2. Non-Load-Bearing Interior Partitions: No.2 Spruce stud, 2-inch x 4-inch.
3. Framing Other Than Non-Load-Bearing Interior Partitions: No.2 Spruce stud

C. Laminated-Veneer Lumber: Manufactured with exterior-type adhesive complying with
ASTM D 2559.

1. Manufacturers: West Fraser LVL 3100F,-2.0E
2. Extreme Fiber Stress in Bending, Edgewise: 3100 psi
3. Modulus of Elasticity, Edgewise: 2,000,000 psi

D. Rim Boards: Product designed to be used as a load-bearing member and to brace wood I-joists at
bearing ends, complying with research/evaluation report for I-joists.

1. Manufacturer: West Fraser LVL
2. Material: Laminated-Veneer Lumber
3. Thickness: 1 % inch (45mm actual)

24 MISCELLANEOUS LUMBER
A. Miscellaneous Dimension Lumber: No.2 Spruce, blocking, 15% percent maximum moisture.
2.5 PLYWOOD BACKING PANELS
A Equipment Backing Panels: %-inch plywood, Class A fire retardant coated
2.6 MISCELLANEOUS PRODUCTS
A. Fasteners:
1. Power-Driven Fasteners: 3-inch clipped head air nails.
2. Bolts: 5/8-inch threaded cold rolled steel bolts, nut welded to 1/8-inch stainless steel plate.
B. Metal Framing Anchors: Structural capacity, type, and size indicated.
1. Manufacturers: Simpson Strong-Tie

2. HUTF/HUSTF Heavy Duty and double shear Joist Hangers, galvanized, 3%-inch for double
hangers, 1 %-inch for single.
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PART 3 - EXECUTION

3.1 INSTALLATION

A. Leveled using laser level, squared, all members plumb, true to line, cut, and fitted. Blocking 4-foot
o.c. from bottom of rim to fit sheathing.

B. Framing Standard: 24-inch (600mm) o.c. framing
C. Securely attach rough carpentry to substrates, complying with the following:

1. CABO NER-272 for power-driven fasteners.
2. Table 2304.9.1, "Fastening Schedule," in the IBC, Table 9.23.3.4 “Nailing for Framing” in the
OBC.

END OF SECTION 06 10 00
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SECTION 06 10 53 - MISCELLANEOUS ROUGH CARPENTRY

PART 1 - GENERAL

11 SECTION REQUIREMENTS

A. None required

PART 2 - PRODUCTS

2.1 WOOD PRODUCTS, GENERAL
A. Certified Wood: All wood has been sourced through Lowes Canada and approved FSC pure
2.2 LUMBER

A. Certified Wood: All wood has been sourced through Lowes Canada and approved FSC pure

B. Interior Partition Framing: No.2 grade construction spruce studs, 2-inch x 4-inch and 2-inch x 6-inch,
with 19% maximum moisture content.

C. Miscellaneous Dimension Lumber: No.2 grade spruce, with 19% maximum moisture content, for
blocking.
2.3 PLYWOOD BACKING PANELS
A. Equipment Backing Panels: %-inch Plywood, Class A fire retardant coated
2.4 FASTENERS
A. Fasteners: 3 %-inch resin coated commons, 2 %-inch resin coasted commons

PART 3 - EXECUTION

3.1 INSTALLATION

A. Leveled using laser level, squared, all members plumb, true to line, cut, and fitted. Blocking set o.c.
to attach to other units.

U.S. D.O.E. Solar Decathlon 2013 Construction Specifications | Page 113
Miscellaneous Rough Carpentry 06 1053



ECHO by TEAM ONTARIO As-Built Project Manual

B. Securely attach miscellaneous rough carpentry to substrates, complying with the following:

1. CABO NER-272 for power-driven fasteners.
2. Table 2304.9.1, "Fastening Schedule," in the IBC, Table 9.23.3.4 “Nailing for Framing” in the
OBC.

END OF SECTION 06 10 53
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SECTION 06 15 33 - WOOD PATIO DECKING

PART 1 - GENERAL

11 SECTION REQUIREMENTS

A. Submittals: ICC-ES evaluation reports for wood-preservative treated wood, metal framing anchors
and decking fasteners.

PART 2 - PRODUCTS

2.1 WOOD PRODUCTS, GENERAL

A. Certified Wood: All wood has been sourced through Lowes Canada and approved FSC pure
2.2 TREATED MATERIALS

A Preservative-Treated Boards and Dimension Lumber:

1. Ecolife Stabilized Weather-Resistant Wood, AWPA approved

B. Provide preservative-treated materials for all exterior rough carpentry unless otherwise indicated,
items indicated on Drawings, and the following:

1. Decking.

2.3 LUMBER

A. Certified Wood: All wood has been sourced through Lowes Canada and approved FSC pure

B. Dimension Lumber:
1. Maximum Moisture Content: 15 percent for 2-inch nominal (38-mm actual) thickness
2. Deck Framing: No.2 standard pressure treated spruce framing
3. Dimension Lumber Posts: No.2 Spruce-pine-fir 4-inch x 4-inch pressure treated posts.
4, Dimension Lumber Decking and Stair Treads: No.2 standard pressure treated spruce
5. Dimension Lumber Railing Members and Benches: No.2 hand selected pressure treated

spruce
C. Boards:
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1. Maximum Moisture Content: 15% percent.
2. Board Decking and Stair Treads: 5/4-inch Standard Treated Decking

Fasteners: Kreg 700-count #8 x 2 ¥s-inch Stainless Steel Square Drive Pan Head Deck/Patio Screws
Metal Framing Anchors:

1. Simpson Strong Tie, Structural Angle Irons. 3-inch x 5-inch x 40-foot in length, Prefinished
Galvanized G-90, supported on 5/8-inch threaded 12-foot rod, %-inch Lag Bolted into Rim.

PART 3 - EXECUTION

3.1

INSTALLATION

Set work to required levels and lines, with members plumb, true to line, cut, and fitted. Locate
nailers, blocking, and similar supports to comply with requirements for attaching other construction.

Framing Standard: Comply with AF&PA's "Details for Conventional Wood Frame Construction"
unless otherwise indicated.

Securely attach work to substrates, complying with the following:

1. Table 2304.9.1, "Fastening Schedule," in the IBC, Table R602.3(1), "Fastener Schedule for
Structural Members," and Table R602.3(2), "Alternate Attachments," in ICC's International
Residential Code for One- and Two-Family Dwellings.

Secure decking to framing with concealed decking fasteners.

Secure stair treads and risers by gluing and screwing to carriages. Countersink fastener heads, fill
flush, and sand filler. Extend treads over carriages.

Railing Installation: Countersink fastener heads, fill flush, and sand filler.

1. Fit balusters to railings, glue, and screw in place.
2. Secure newel posts to stringers and risers with countersunk-head wood screws and glue.
3. Secure wall rails with metal brackets. Fasten freestanding railings to newel posts and to trim

at walls with countersunk-head wood screws or rail bolts and glue.

END OF SECTION 06 15 33
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SECTION 06 16 00 - SHEATHING

PART 1 - GENERAL

11

SECTION REQUIREMENTS

No specific requirements

PART 2 - PRODUCTS

2.1

2.2

2.3

2.4

WALL SHEATHING

Plywood Wall Sheathing: %-inch Spruce Plywood Sheathing.

ROOF SHEATHING

Plywood Roof Sheathing: %-inch Spruce Plywood Sheathing, structural.

SUBFLOORING AND UNDERLAYMENT

Subflooring:

1. Plywood Subflooring: %-inch Spruce plywood, structural, tongue and groove.

Underlayment:

1. Plywood Underlayment for Resilient Flooring: Y-inch Spruce plywood, exterior grade
structural

MISCELLANEOUS PRODUCTS

Fasteners: Size and type indicated.

1. 2-inch Phosphate coated common sinkers for walls, 2-inch and 3-inch flooring screws for
subfloor

Adhesives for Field Gluing Panels to Framing: LEPAGE PL 400, meets or exceeds APA APF-01
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PART 3 - EXECUTION

3.1 INSTALLATION
A Securely attach to substrates, complying with the following:
1. Table 2304.9.1, "Fastening Schedule," in the IBC, Table 9.23.3.5 “Fasteners for Sheathing and
Subflooring” in the OBC.
B. Fastening Methods:
1. Subflooring:
a. Glued and screwed to wood framing.
2. Wall and Roof Sheathing:
a. Screwed to wood framing.

b. Roof complete with H-clips.

END OF SECTION 06 16 00
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SECTION 06 17 53 - SHOP-FABRICATED WOOD TRUSSES

PART 1 - GENERAL

11 SECTION REQUIREMENTS

A. Submittals: Product Data, Shop Drawings, structural analysis data signed and sealed by the qualified
professional engineer responsible for their preparation.

B. Fabricator Qualifications: Quality Assurance done independently through System ForeTruss Inc.
Engineering firm. Centennial Truss is a member of the Lanark-Leeds Home Builders Association.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Structural Performance: Analysis conforms to TPIC-COM, standard formula NBCC2005

2.2 MATERIALS
A Lumber: No.2 Spruce
B. Minimum Chord Size for Roof Trusses: 2-inch x 4-inch for both top and bottom chords

C. Connector Plates: FT20 steel truss connector plates, 20 gauge, zinc G90 coating, 8 nail teeth per
square inch, max factored resistance of 538-lbs/square inch.

1. Manufacturers: ForeTruss Systems Inc.

2.3 FABRICATION

A All trusses manufactured by Centennial Trusses

PART 3 - EXECUTION

3.1 INSTALLATION
A. Install trusses plumb, square, and true to line and securely fasten to supporting construction.
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B. Anchor trusses securely at bearing points; use metal truss tie-downs or floor truss hangers as
applicable. Install fasteners through each fastener hole in metal framing anchor.

C. Securely connect each truss ply required for forming built-up girder trusses. Anchor trusses to girder
trusses.
D. Install and fasten permanent bracing during truss erection and before construction loads are applied.

Anchor ends of permanent bracing where terminating at walls or beams.

1. Install bracing to comply with Section 061000 "Rough Carpentry.", Section 061053
"Miscellaneous Rough Carpentry."

E. Install wood trusses within installation tolerances in TPI 1.
F. Do not alter trusses in field.
G. Remove wood trusses that are damaged or do not meet requirements and replace with trusses that

do meet requirements.

END OF SECTION 06 17 53
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SECTION 06 20 00 - FINISH CARPENTRY

PART 1 - GENERAL

11 SECTION REQUIREMENTS

A. Submittals: Samples for siding, moldings, and trim.

PART 2 - PRODUCTS

2.1 MATERIALS, GENERAL
A. Lumber: DOC PS 20 and grading rules of inspection agencies certified by American Lumber Standards
Committee Board of Review.
2.2 EXTERIOR FINISH CARPENTRY
A Lumber Siding: Kiln-dried, Eastern white select pine

1. Maximum Moisture Content: 19 percent.

2.3 INTERIOR STANDING AND RUNNING TRIM
A Interior Softwood Lumber Trim: Finger Jointed Pine

1. Maximum Moisture Content: 19 percent.

2.4 FIRE-RATED INTERIOR DOOR FRAMES
A Frames, complete with casings, fabricated from solid fire-retardant-treated wood. Frames shall be
labeled by a testing and inspecting agency acceptable to authorities having jurisdiction, based on
testing per NFPA 252.
1. Species: Solid Pine

2. Fire Rating: 20 minutes

2.5 SHELVING AND CLOTHES RODS

A. Shelving: 3/4-inch (19-mm) solid pine
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2.6

Clothes Rods: 1-5/16-inch- (33-mm-) diameter, chrome-plated-steel tubes

Shelf Brackets with Rod Support: BHMA A156.16, BO4051; prime-painted formed steel.

MISCELLANEOUS MATERIALS

Fasteners for Exterior Finish Carpentry: hot-dip galvanized steel

PART 3 - EXECUTION

3.1

A.

INSTALLATION
Condition interior finish carpentry in installation areas for 24 hours before installing.

Prime and backprime lumber for painted finish exposed on the exterior. Cut to length and prime
ends.

Install finish carpentry level, plumb, true, and aligned with adjacent materials. Scribe and cut to fit
adjoining work. Refinish and seal cuts.

1. Install to tolerance of 1/8 inch in 96 inches (3 mm in 2438 mm) for level and plumb. Install
adjoining exterior finish carpentry with 1/32-inch (0.8-mm) maximum offset for flush
installation and 1/16-inch (1.5-mm) maximum offset for reveal installation.

Install standing and running trim with minimum number of joints practical, using full-length pieces
from maximum lengths of lumber available. Do not use pieces less than 24 inches (610 mm) long
except where necessary. Stagger joints in adjacent and related trim. Cope at returns and inside
corners and miter at outside corners.

Nail siding at each stud. Do not allow nails to penetrate more than one thickness of siding, unless
otherwise recommended by siding manufacturer. Seal joints at inside and outside corners and at

trim locations.

Select and arrange paneling for best match of adjacent units. Install with uniform tight joints.

END OF SECTION 06 20 00
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Division 07 — THERMAL AND MOISTURE PROTECTION

SECTION 07 21 00 - THERMAL INSULATION

PART 1 - GENERAL

1.1 SECTION REQUIREMENTS
A. Submittals: BASF expandable Polystyrene beads report, Walltite Closed-Cell Polyurethane Foam
Insulation evaluation

PART 2 - PRODUCTS

2.1 INSULATION PRODUCTS

A. Extruded-Polystyrene Board Insulation: SR.P100 type 1 graphite with ship lapped edges, SR.P400
type 4 graphite with ship lapped edges

1. Manufacturers: Styro Rail

B. Molded-Polystyrene Board Insulation: SR. 2-inch by 4-inch type 1 graphite with spacing at 24-inch

o.c.
1. Manufacturers: Styro Rail
C. Closed-Cell Polyurethane Foam Insulation: Walltite superior insulation
1. Manufacturers: BASF Corporation
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PART 3 - EXECUTION

3.1 INSTALLATION

A Install insulation in areas and in thicknesses indicated or required to produce R-values indicated. Cut
and fit tightly around obstructions and fill voids with insulation.

B. Maintain 3-inch clearance of insulation around recessed lighting fixtures not rated for or protected
from contact with insulation.

C. Spray-Applied Insulation: Apply insulation according to manufacturer's written instructions. Do not
apply insulation until installation of pipes, ducts, conduits, wiring, and electrical outlets in walls is
completed and items not indicated to receive insulation are masked. After insulation is applied,
make flush with face of studs.

END OF SECTION 07 21 00
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SECTION 07 25 00 - WEATHER BARRIERS

PART 1 - GENERAL

11

A.

SECTION REQUIREMENTS

Submittals: ICC-ES evaluation reports for water-resistive barrier.

PART 2 - PRODUCTS

2.1

2.2

B.

WATER-RESISTIVE BARRIERS

Building Wrap: Self-adhering, SBS rubberized asphalt compound laminated, Impermeable to air,
vapor, and water. 1.6 ng/Pa.mz.s (0.03 perms) vapor permeance

1. Products
a. Henry; Blueskin SA LT
ACCESSORIES

Flexible Flashing: Self-adhering, SBS rubberized asphalt compound laminated, Impermeable to air,
vapor, and water.

1. Products:
a. Henry; Blueskin SA LT

Building Wrap Tape: Tuck Tape red sheathing house wrap tape, UV resistant poly propylene film.

PART 3 - EXECUTION

3.1 INSTALLATION
A. Building Wrap Installation:
1. Apply building wrap immediately after sheathing is installed.
2. Seal seams, edges, fasteners, and penetrations with building wrap tape.
3. Extend into jambs of openings and seal corners with building wrap tape.
B. Flexible Flashing Installation:
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1. Lap seams and junctures with other materials 3- inches except that at flashing flanges of other
construction, laps need not exceed flange width.

2. Lap flashing over water-resistive barrier at bottom and sides of openings.

3. Lap water-resistive barrier over flashing at heads of openings.

4, After flashing has been applied, roll surfaces with a hard rubber or metal roller.

END OF SECTION 07 25 00
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SECTION 07 41 13 - METAL ROOF PANELS

PART 1 - GENERAL

11

SECTION REQUIREMENTS
Summary: Factory-formed metal roof panels, fasciae, and trim.
Submittals: Product Data

Warranties: Provide manufacturer's standard written warranty, without monetary limitation, signed
by manufacturer agreeing to promptly repair or replace metal roof panels that fail to remain weather
tight within 40 years from date of Substantial Completion.

PART 2 - PRODUCTS

2.1

2.2

METAL ROOF PANELS

Wind-Uplift Resistance of Roof Assemblies: UL 580, Class 90
Roof Panel Type: Exposed fastener, standing seam

1. Manufacturers: Ideal Roofing

Metallic-Coated Steel Roof Panels: Fabricated from galvanized lightweight structural-steel sheet,
ASTM-A653 SS, Grade 80, 2275 (G-90)

1. Nominal Metal Thickness: 0.021 inch, 26 gauge

2. Finish: Manufacturer's standard, four coat protection, Charcoal color.
ACCESSORIES

Flashing and Trim: 0.025 inch galvanized steel flashing and trim

Self-Adhering Sheet Underlayment, High Temperature: SBS-rubberized asphalt; slip-resisting-
polyethylene surfaced, silicone release film backing.
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PART 3 - EXECUTION

3.1 INSTALLATION

A Apply self-adhering sheet underlayment at eaves and rakes from edges of roof 24 inches inside
exterior wall line.

B. Install flashings to cover underlayment to comply with requirements specified in Section 076200
"Sheet Metal Flashing and Trim."

C. Rigidly fasten metal roof panels to structure at one and only one location for each panel. Allow
remainder of panel to move freely for thermal expansion and contraction. Predrill panels for
fasteners.

1. Steel Roof Panels: Fasten with Galvanized screws with neoprene washers
2. Flash and seal metal roof panels with weather closures at eaves, rakes, and perimeter of all
openings.

END OF SECTION 07 41 13

U.S. D.O.E. Solar Decathlon 2013 Construction Specifications | Page 128
Metal Roof Panels 07 4113



ECHO by TEAM ONTARIO As-Built Project Manual

SECTION 07 46 23 — WOOD SIDING

PART 1 - GENERAL

11 RELATED DOCUMENTS

A Drawings and general provisions of the Contract, including General and Supplementary Conditions
and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY
B. Section includes the wood cladding for the exterior of ECHO as described in the construction
documents.
13 SUBMITTALS
C. None

PART 2 - PRODUCTS

2.1 MATERIALS
A. Vertical tongue and groove clear pine siding
1. Dimensions: 1-inch x 2.5-inch
2. Area: 700 sq. ft.
3. Coating: None
4, Kiln-dried (KD) between 13 % to 19 % humidity and is FSC certified
5. Low-volatile organic compounds (VOCs) water-based stains.
D. Horizontal tongue and groove clear pine siding
1. Dimensions: 1-inch x 5-inch
2. Area: 700 sq. ft.
3. Coating: None
4, Kiln-dried (KD) between 13 % to 19 % humidity and is FSC certified
5. Low-volatile organic compounds (VOCs) water-based stains.
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2.2 ACCESSORIES

B. Concealed fasteners: Galvanized Steel.

PART 3 - EXECUTION

3.1 INSTALLATION

E. Install wood in such a manner that horizontal lines are true and level and vertical lines are plumb.
F. Remove and replace any panels or components which are damaged beyond successful repair.

3.2 CLEANING
G. Remove all scrap and construction debris from the site.

END OF SECTION 07 46 23

U.S. D.O.E. Solar Decathlon 2013 Construction Specifications | Page 130
Wood Siding 07 46 23



ECHO by TEAM ONTARIO As-Built Project Manual

SECTION 07 71 00 - ROOF SPECIALTIES

PART 1 - GENERAL

11

A.

SECTION REQUIREMENTS

Submittals: Shop Drawings

PART 2 - PRODUCTS

2.1 MATERIALS
A. Felt Underlayment: ASTM D 226, Type Il (No. 30) asphalt-saturated organic felts.
B. Self-Adhering Sheet Underlayment, High Temperature: Butyl or SBS-modified asphalt; slip-resisting-
polyethylene surfaced; with release paper backing; cold applied. Stable after testing at 240 deg F
(116 deg C) and passes after testing at minus 20 deg F (29 deg C); ASTM D 1970.
1. Products:
a. Henry Company; Blueskin PE200 HT.
C. Fasteners: Manufacturer's recommended fasteners, suitable for application and designed to meet
performance requirements.
1. Fasteners for Zinc-Coated (Galvanized) Steel Sheet: Series 300 stainless steel or hot-dip zinc-
coated steel.
2.2 ROOF SPECIALTIES
A. Gutters and Downspouts:
1. Manufacturers :Ottawa Valley Metal
2. Gutters: Manufactured in uniform section lengths, with matching corner units, ends, outlet
tubes, and other accessories. Elevate back edge at least 1 inch (25 mm) above front edge.
Furnish expansion joints, and expansion-joint covers.
a. Gutter Style: Rectangular
b. Prepainted, Zinc-Coated Steel: 0.028 inch (0.71 mm)
C. Gutter Supports: Gutter brackets
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Counterflashings: Manufactured units of heights to overlap top edges of base flashings by 4 inches
(100 mm) designed to snap into through-wall-flashing receiver and compress against base flashings
with joints lapped.

1. Formed Aluminum: 0.032 inch (0.81 mm)

PART 3 - EXECUTION

3.1

INSTALLATION

General: Install roof specialties according to manufacturer's written instructions. Anchor roof
specialties securely in place, with provisions for thermal and structural movement.

Separate dissimilar metals with a bituminous coating or polymer-modified, bituminous sheet
underlayment..

Fastener Sizes: Use fasteners of sizes that will penetrate wood blocking or sheathing not less 3/4
inch (19 mm) for wood screw

Gutters: Join and seal gutter lengths. Allow for thermal expansion. Attach gutters to firmly
anchored gutter supports spaced not more than 30 inches (762 mm) apart. Attach ends with rivets
and seal with sealant to make watertight.

END OF SECTION 07 71 00
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Division 08 — OPENINGS

SECTION 08 13 00 — METAL DOORS

PART 1 - GENERAL

11

SECTION REQUIREMENTS

Submittals: Product data sheet.

PART 2 - PRODUCTS

2.1

2.2

2.3

Manufacturers: Only the following:

JELD-WEN, Inc.

DOOR CONSTRUCTION, GENERAL
Quality Standard: WDMA 1.S.1-A.

Fire-Rated Wood Doors: Labeled by a testing and inspecting agency acceptable to authorities having
jurisdiction based on testing at positive pressure according to NFPA 252 or UL 10C.

Smoke- and Draft-Control Door Assemblies: Listed and labeled for smoke and draft control, based on
testing according to UL 1784 and installed in compliance with NFPA 105.

Low-Emitting Materials: Provide doors made with adhesives and composite wood products that do
not contain urea formaldehyde.

Door Hardware: Provide doors with three point locking door hardware.

Door Glazing: See Section 088000 “Glazing”.

FABRICATION AND FINISHING
Factory fit doors to suit frame-opening sizes indicated and to comply with clearances specified.

Factory machine doors for hardware that is not surface applied. Locate hardware to comply with
DHI-WDHS-3.

Cut and trim openings to comply with referenced standards.
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1. Factory install glazing in doors indicated to be factory finished.
K. Factory finish doors indicated for opaque finish with manufacturer's standard finish.
1. Sheen: Satin

2. Colour: Black

PART 3 - EXECUTION

31 INSTALLATION
A. Install doors to comply with manufacturer's written instructions and WDMA 1.S.1-A, and as indicated.
B. Align doors in frames with uniform clearances and bevels.
C. Clearances: As follows unless otherwise indicated:

1/8 inch (3.2 mm) at heads, jambs, and between pairs of doors.

1/8 inch (3.2 mm) from bottom of door to top of decorative floor finish or covering.
1/4 inch (6.4 mm) from bottom of door to top of threshold.

Comply with NFPA 80 for fire-rated doors.

PWNPE

D. Repair, refinish, or replace factory-finished doors damaged during installation, as directed by
Architect.

END OF SECTION 08 13 00
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SECTION 08 50 00 - WINDOWS

PART 1 - GENERAL

1.1 SECTION REQUIREMENTS
A. Submittals: Architectural detail manual Casement window DF3103, Architectural detail manual
Awning window DF3113

PART 2 - PRODUCTS

2.1 HYBRID VINYL WINDOWS
A. Manufacturer: JELD-WEN Inc.
B. Basis-of-Design Product: JELD-WEN; Casement window DF3103, Awning window DF3113

C. Window Types: The following types, as indicated on Drawings:

5. Casement.
6. Awning
7. Fixed.

D. Window Color: White interior, Black exterior

2.2 WINDOWS
A. Performance Requirements:

1. Performance Class: Energy Star zone D

2. Thermal Transmittance: NFRC 100 maximum whole-window U-factor of 1.14 W/sg. m x K
(0.20 Btu/sg. ft. x h x deg F)

3. Solar Heat-Gain Coefficient: Must comply with Section 088000 "Glazing."

B. Trim: 1%” brickmould exterior trim, clear pine interior extension.

C. Glaze units with low-e coated, argon-filled, sealed insulating glass, complying with
Section 088000 "Glazing."
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PART 3 - EXECUTION

3.1 INSTALLATION

A. Set units level, plumb, and true to line, without warp or rack of frames and panels. Provide
proper support and anchor securely in place.

B. Set sill members in bed of sealant or with gaskets, as indicated, to provide weathertight construction.

C. Adjust operating panels, screens, and hardware to provide a tight fit at contact points and
weather stripping for smooth operation and weathertight closure. Lubricate hardware and
moving parts.

D. Clean glass and aluminum and vinyl surfaces immediately after installing windows. Remove

nonpermanent labels from glass surfaces.

END OF SECTION 08 50 00
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SECTION 08 80 00 - GLAZING

PART 1 - GENERAL

11

SECTION REQUIREMENTS
Submittals: Product Data Sheet

Glazing Publications: Comply with published recommendations of glass product manufacturers and
organizations below, unless more stringent requirements are indicated.

1. IGMA Publication for Insulating Glass: SIGMA TM-3000, "North American Glazing Guidelines
for Sealed Insulating Glass Units for Commercial and Residential Use."

Insulating-Glass Certification Program: Permanently marked either on spacers or on at least one
component lite of units with appropriate certification label of IGCC.

PART 2 - PRODUCTS

2.1

2.2

2.3

GLASS, GENERAL
Fire-Resistance-Rated Assemblies: Provide products that comply with NFPA 80 and are listed and
labeled by a testing and inspecting agency acceptable to authorities having jurisdiction for
applications indicated.
Safety Glass: Category Il materials complying with testing requirements in 16 CFR 1201. Provide
safety glazing labeling where safety glass is indicated.

GLASS PRODUCTS
Insulating-Glass Units: Factory-assembled units consisting of sealed lites of glass separated by a
dehydrated interspace, qualified according to ASTM E 2190.

INSULATING-GLASS TYPES

Glass Type: Low-e-coated, clear insulating glass.

1. Overall Unit Thickness: 1 3/8 inch (35 mm), door glazing: 1 inch (25 mm)
2. Thickness of Each Glass Lite: 3.0 mm
3. Outdoor Lite: Float glass with low e coating.
4, Interspace Content: Argon
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Middle Lite: Float glass with low-e-coating.
Interspace Content: Argon

Indoor Lite: Float glass with low-e-coating.

Visible Light Transmittance: 51 percent minimum.
U-Factor: 0.15 maximum.

10. Solar Heat Gain Coefficient: 0.50 maximum.

0N !

2.4 GLAZING SEALANTS

A. Glazing Sealant: Neutral-curing silicone glazing sealant complying with ASTM C 920, TypeS,
Grade NS, Class 25, Use NT.

1. Products: One of the follow
a. Dow Corning Corporation; 799.
b. GE Advanced Materials - Silicones; UltraGlaze SSG4000, UltraGlaze SSG4000AC.
c. May National Associates, Inc.; Bondaflex Sil 200 GPN, Bondaflex Sil 201 FC.
d. Polymeric Systems, Inc.; PSI-631.
e. Schnee-Morehead, Inc., an ITW company; SM5731 Poly-Glaze Plus.
f. Tremco Incorporated; Proglaze SSG, Tremsil 600.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Comply with combined recommendations of manufacturers of glass, sealants, gaskets, and other
glazing materials, unless more stringent requirements are contained in GANA's "Glazing Manual."

B. Set glass lites in each series with uniform pattern, draw, bow, and similar characteristics.

C. Remove nonpermanent labels, and clean surfaces immediately after installation.

END OF SECTION 08 80 00
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Division 09 — FINISHES

SECTION 09 29 00 - GYPSUM BOARD

PART 1 - GENERAL

1.1 RELATED DOCUMENTS
A. Drawings
1.2 SUMMARY

A. This Section includes the following:

1. Interior gypsum board.

13 SUBMITTALS

A. Product Data: For each type of product indicated.

PART 2 - PRODUCTS

2.1 PANELS, GENERAL

A. Size: Provide in maximum lengths and widths available that will minimize joints in each area and that
correspond with support system indicated.

2.2 INTERIOR GYPSUM BOARD

A. Regular Type:

1. Basis-of-Design Product: G-P Gypsum; ToughRock Gypsum Board
2. Thickness: 1/2 inch (12.7 mm).
3. Long Edges: Tapered.

B. Ceiling Type: Manufactured to have more sag resistance than regular-type gypsum board.

1. Basis-of-Design Product: G-P Gypsum; ToughRock CD Ceiling Board
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2.3

2.4

25

A.

2. Thickness: 1/2 inch (12.7 mm).
3. Long Edges: Tapered.
GYPSUM TILE BACKING PANELS
Water-Resistant Gypsum Backing Board: ASTM C 630/C 630M or ASTM C 1396/C 1396M.
1. Core: 1/2 inch (12.7 mm), regular type
JOINT TREATMENT MATERIALS
General: Comply with ASTM C 475/C 475M.
Joint Tape:

1. Basis-of-Design Product: G-P Gypsum; ToughRock Tape
2. Interior Gypsum Wallboard: Paper.

Joint Compound for Interior Gypsum Wallboard: For each coat use formulation that is compatible
with other compounds applied on previous or for successive coats.

3. Prefilling: At open joints, rounded or beveled panel edges, and damaged surface areas, use
setting-type taping compound.

a. Basis-of-Design Product: G-P Gypsum; ToughRock Sandable Setting Compound
Joint Compound for Tile Backing Panels:

4. Basis-of-Design Product: G-P Gypsum; ToughRock Setting Compound.

5. Water-Resistant Gypsum Backing Board: Use setting-type taping compound and setting-type,
sandable topping compound.

6. Cementitious Backer Units: As recommended by backer unit manufacturer.

TEXTURE FINISHES

Primer: As recommended by textured finish manufacturer.
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PART 3 - EXECUTION

3.1

3.2

EXAMINATION

Examine areas and substrates, with Installer present, and including welded hollow-metal frames and
framing, for compliance with requirements and other conditions affecting performance.

Examine panels before installation. Reject panels that are wet, moisture damaged, and mold
damaged.

Proceed with installation only after unsatisfactory conditions have been corrected.

APPLYING AND FINISHING PANELS, GENERAL
Comply with ASTM C 840.

Install ceiling panels across framing to minimize the number of abutting end joints and to avoid
abutting end joints in central area of each ceiling. Stagger abutting end joints of adjacent panels not
less than one framing member.

Install panels with face side out. Butt panels together for a light contact at edges and ends with not
more than 1/16 inch (1.5 mm) of open space between panels. Do not force into place.

Locate edge and end joints over supports, except in ceiling applications where intermediate supports
or gypsum board back-blocking is provided behind end joints. Do not place tapered edges against cut
edges or ends. Stagger vertical joints on opposite sides of partitions. Do not make joints other than
control joints at corners of framed openings.

Form control and expansion joints with space between edges of adjoining gypsum panels.

Cover both faces of support framing with gypsum panels in concealed spaces (above ceilings, etc.),
except in chases braced internally.

1. Unless concealed application is indicated or required for sound, fire, air, or smoke ratings,
coverage may be accomplished with scraps of not less than 8 sq. ft. (0.7 sq. m) in area.

2. Fit gypsum panels around ducts, pipes, and conduits.

3. Where partitions intersect structural members projecting below underside of floor/roof slabs

and decks, cut gypsum panels to fit profile formed by structural members; allow 1/4- to 3/8-
inch- (6.4- to 9.5-mm-) wide joints to install sealant.

Isolate perimeter of gypsum board applied to non-load-bearing partitions at structural abutments,
except floors. Provide 1/4- to 1/2-inch- (6.4- to 12.7-mm-) wide spaces at these locations, and trim
edges with edge trim where edges of panels are exposed. Seal joints between edges and abutting
structural surfaces with acoustical sealant.
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H. Attachment to Steel Framing: Attach panels so leading edge or end of each panel is attached to open
(unsupported) edges of stud flanges first.

I.  Wood Framing: Install gypsum panels over wood framing, with floating internal corner construction.
Do not attach gypsum panels across the flat grain of wide-dimension lumber, including floor joists
and headers. Float gypsum panels over these members, or provide control joints to counteract
wood shrinkage.

J.  STC-Rated Assemblies: Seal construction at perimeters, behind control joints, and at openings and
penetrations with a continuous bead of acoustical sealant. Install acoustical sealant at both faces of
partitions at perimeters and through penetrations. Comply with ASTM C 919 and with manufacturer's
written recommendations for locating edge trim and closing off sound-flanking paths around or
through assemblies, including sealing partitions above acoustical ceilings.

END OF SECTION 09 29 00
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SECTION 09 30 00 - TILING

PART 1 - GENERAL

1.1 SECTION REQUIREMENTS
A. Submittals: Product Data
B. Obtain tile of each type and color or finish from same production run for each contiguous area

PART 2 - PRODUCTS

2.1 CERAMICTILE

A. Ceramic tile that complies with Standard grade requirements in ANSI A137.1, "Specifications for
Ceramic Tile."

B. Tile Type RF.CR.P03.1224: porcelain paver tile.

Manufacturers; Olympia Floor and Tile — Cromie Collection
Face Size: 12 by 24 inches

Thickness: % inch

Face: Plain with square edges

Finish: Mat, opaque

Color and Pattern: Charcoal

Grout Color: Grey

NoubkwnNeE

C. Tile Type[U072]: Glazed wall tile.

Manufacturers: U.S. Ceramic Tile

Module Size: 3 by 6 inches

Thickness: 5/16 inch (8 mm).

Face: Plain with cushion edges

Finish: Bright, opaque

Color and Pattern: White

Grout Color: Grey

Mounting: Pregrouted sheets of tiles factory assembled and grouted with manufacturer's
standard white silicone rubber.

WO NOUEDNE

D. Tile Type[CMTLST1061]: Glazed wall tile.

1. Manufacturers: Ceragres Metal
2. Module Size: 0.6 by 3.9 inch
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. Thickness: 5/16 inch (8 mm).

. Face: Plain with cushion edges

. Finish: Bright, opaque

. Color and Pattern: metal brick

Grout Color: white

Mounting: Pregrouted sheets of tiles factory assembled and grouted with manufacturer's
standard white silicone rubber.

0NV AW

2.2 INSTALLATION MATERIALS

A. Setting and Grouting Materials: Comply with material standards in ANSI's "Specifications for the
Installation of Ceramic Tile" that apply to materials and methods indicated.

1. Thin-Set Mortar Type for Wood Subfloors: EGP latex-portland cement.
a. Manufacturers: Bostik, Inc.
2. Grout Type: Standard cement

a. Manufacturers: Bostik, Inc.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Comply with TCA's "Handbook for Ceramic Tile Installation" for TCA installation methods specified in
tile installation schedules. Comply with parts of ANSI A108 Series "Specifications for Installation of
Ceramic Tile" that are referenced in TCA installation methods, specified in tile installation schedules,
and apply to types of setting and grouting materials used.

B. Perform cutting and drilling of tile without marring visible surfaces. Carefully grind cut edges of tile
abutting trim, finish, or built-in items for straight aligned joints. Fit tile closely to electrical outlets,
piping, fixtures, and other penetrations so plates, collars, or covers overlap tile.

C. Lay tile in grid pattern unless otherwise indicated. Align joints where adjoining tiles on floor, base,
walls, and trim are the same size.

D. Where indicated, prepare substrates to receive waterproofing by applying a reinforced mortar bed
that complies with ANSI A108.1A and is sloped 1/4 inch per foot (1:50) toward drains.

E. Install waterproofing to comply with ANSI A108.13.

F. Do not install tile over waterproofing until waterproofing has cured and been tested to determine
that it is watertight.
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G. Interior Floor Tile Installation Method(s):
1. Over Wood Subfloors: [TCA F141 (cement mortar bed with cleavage membrane)]
H. Interior Wall Tile Installation Method(s):

1. Bathtub/Shower Wall Installations, Wood Studs or Furring: [TCA B411 (cement mortar bed)]

END OF SECTION 09 30 00

SECTION 09 64 00 - WOOD FLOORING
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PART 1 - GENERAL

11

SECTION REQUIREMENTS

Submittals: Product Data and Samples.

PART 2 - PRODUCTS

2.1

2.2

WOOD FLOORING, GENERAL
Hardwood Flooring: Comply with NOFMA grading rules for species, grade, and cut.

1. Certification: Provide flooring that carries NOFMA grade stamp on each bundle or piece.

FIELD-FINISHED WOOD FLOORING
Engineered-Wood Plank Flooring: HPVA EF, bonding agent contains no urea formaldehyde.

Manufacturers: DAVA

Species: Hickory

Grade: 3.5mm Hardwood, 10-ply yellow birch plywood
Thickness: 5/8 inches

Construction: 11 ply

Width: 6 inches

Length: Manufacturer's standard.

Edges: Beveled

LN EWPRE

Urethane Finish System: 10 coats of aluminum oxide, semi gloss finish
1. VOC Content:

a. Finish Coats and Floor Sealers: Not more than 350 g/L.
b. Stains: Not more than 250 g/L.

2. Low-Emitting Materials: Finish system materials shall comply with the testing and product
requirements of the California Department of Health Services' "Standard Practice for the
Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental
Chambers."

3. Stain: Penetrating and nonfading type.

a. Color: Black Walnut

4. Floor Sealer: Pliable, penetrating type.
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5. Finish Coats: semi-gloss

2.3 ACCESSORY MATERIALS

A. Fasteners: Stainless steel, fluted rod, gauge 16, according to ACNOR B 111-1974, Two nails per plank

at 16”. First nail should be between 3/4” and 1” bottom of the board and the second at 2 1/2" of the
upper plank.

PART 3 - EXECUTION

3.1 INSTALLATION

A Comply with flooring manufacturer's written installation instructions, but not less than applicable

recommendations in NWFA's "Installation Guidelines: Wood Flooring."

B. Provide expansion space at walls and other obstructions and terminations of flooring of not less than
% inch.
C. Engineered-Wood Flooring: Nail flooring to wooden subfloor.

END OF SECTION 09 64 00

SECTION 09 90 00 - PAINTING AND COATING
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PART 1 - GENERAL

1.1 SECTION REQUIREMENTS
A. Submittals:
1. Product Data. Include printout of MPI's "MPI Approved Products List" with product
highlighted.

PART 2 - PRODUCTS

2.1 PAINT
A. Manufacturers; Mythic

B. MPI Standards: Provide materials that comply with MPI standards indicated and listed in its "MPI
Approved Products List."

1. Interior Painting Materials:
a. Primer Sealer, Institutional Low Odor/VOC: MPI #149.
b. Latex, Institutional Low Odor/VOC, Flat (Gloss Level 1): MPI #143.
C. Latex, Institutional Low Odor/VOC, (Gloss Level 2): MPI #144.

C. Material Compatibility: Provide materials that are compatible with one another and with substrates.

1. For each coat in a paint system, provide products recommended in writing by
manufacturers of topcoat for use in paint system and on substrate indicated.

D. Use interior paints and coatings that comply with the following limits for VOC content:

1. Flat Paints and Coatings: <11 g/L.
2. Primers, Sealers, and Undercoaters: <11g/L.

E. Colors: Not determined

PART 3 - EXECUTION
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3.1

3.2

3.3

PREPARATION

Comply with recommendations in MPI's "MPI Architectural Painting Specification Manual"
applicable to substrates indicated.

Remove hardware, lighting fixtures, and similar items that are not to be painted. Mask items  that
cannot be removed. Reinstall items in each area after painting is complete.

Clean and prepare surfaces in an area before beginning painting in that area. Schedule painting so
cleaning operations will not damage newly painted surfaces.

APPLICATION

Comply with recommendations in MPI's "MPI Architectural Painting Specification Manual"
applicable to substrates indicated.

Paint exposed surfaces, new unless otherwise indicated.

Paint surfaces behind movable equipment and furniture same as similar exposed surfaces.

Paint surfaces behind permanently fixed equipment or furniture with prime coat only.

Paint the back side of access panels.

Color-code mechanical piping in accessible ceiling spaces.

Do not paint prefinished items, items with an integral finish, operating parts, and labels
unless otherwise indicated.

vk wnN e

Apply paints according to manufacturer's written instructions.

1. Use brushes only for exterior painting and where the use of other applicators is not practical.
2. Use rollers for finish coat on interior walls and ceilings.

Apply paints to produce surface films without cloudiness, spotting, holidays, laps, brush marks, roller
tracking, runs, sags, ropiness, or other surface imperfections. Cut in sharp lines and color
breaks.

1. If undercoats or other conditions show through topcoat, apply additional coats until  cured
film has a uniform paint finish, color, and appearance.

Apply stains and transparent finishes to produce surface films without color irregularity, cloudiness,
holidays, lap marks, brush marks, runs, ropiness, or other imperfections. Use  multiple coats to
produce a smooth surface film of even luster.

EXTERIOR PAINT APPLICATION SCHEDULE

Concrete, Nontraffic Surfaces:
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34

35

INTERIOR PAINT APPLICATION SCHEDULE
Wood: Including wood trim.

1. Semi-gloss Institutional Low-Odor/VOC Latex: two coats latex primer for
Gypsum Board

1. Flat Institutional Low-Odor/VOC Latex: Two coats

primer/sealer: MPIINT 9.2M.

EXTERIOR STAIN AND CLEAR FINISH APPLICATION SCHEDULE
Wood, non-traffic surfaces, including wood siding

1. Semitransparent Stain: Two coats: MPI EXT 6.2L.

Wood, traffic surfaces, including wood decks

wood: MPI INT 6.3V.

over

1. Deck Stain over Wood Preservative: one coat over preservative: MPI EXT 6.5D.

END OF SECTION 09 90 00
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Division 10 — SPECIALTIES

SECTION 10 28 00 - TOILET, BATH, AND LAUNDRY ACCESSORIES

PART 1 - GENERAL

11 SECTION REQUIREMENTS

A. Submittals: Product Data.

PART 2 - PRODUCTS

2.1 TOILET AND BATH ACCESSORIES
A. Manufacturers; Kohler
B. Toilet Tissue Dispenser:

Basis-of-Design Product: Finial Traditional toilet tissue holder
Type: Single-roll dispenser

Mounting: Surface mounted with concealed anchorage

Material: Chrome-plated zinc alloy

Operation: Non-control delivery with standard spindle

Capacity: Designed for 5-inch- (127-mm-) diameter-core tissue rolls

oueswWNE

C. Glass Shower Doors:

1. Basis-of-Design Product: MAXX tub-shield 1 panel
2. Material and Finish: Aluminum, polished, clear anodized
3. Glass: Clear

D. Towel Bar:

Basis-of-Design Product: Kelston by Kohler

Description: 3/4-inch- (19-mm-) round tube with circular end brackets
Mounting: Flanges with concealed fasteners.

Length: 18 inches

Material and Finish: Polished aluminum

ukhwnN e

2.2 MATERIALS

A. Chromium Plating: ASTM B 456, Service Condition Number SC 2 (moderate service).
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B. Mirrors: ASTM C 1503, Mirror Glazing Quality, clear-glass mirrors, nominal 6.0 mm thick.

C. Fasteners: Screws, bolts, and other devices of same material as accessory unit, tamper and theft
resistant when exposed, and of galvanized steel when concealed.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install accessories using fasteners appropriate to substrate indicated and recommended by unit
manufacturer. Install units level, plumb, and firmly anchored in locations and at heights indicated.

B. Adjust accessories for unencumbered, smooth operation and verify that mechanisms function
properly. Replace damaged or defective items. Remove temporary labels and protective coatings.

END OF SECTION 10 28 00

U.S. D.O.E. Solar Decathlon 2013 Construction Specifications | Page 152
Toilet, Bath, and Laundry Accessories 10 28 00



ECHO by TEAM ONTARIO As-Built Project Manual

SECTION 10 28 19 - TUB AND SHOWER DOORS

PART 1 - GENERAL

11

SECTION REQUIREMENTS
Submittals: Product Data and Shop Drawings.
Warranties: Provide manufacturer's written warranty, without monetary limitation, signed by

manufacturer agreeing to promptly repair or replace products that fail in materials or workmanship
for the period of 10 years.

PART 2 - PRODUCTS

2.1

2.2

TUB AND SHOWER DOORS
Manufacturers: Fleurco

Manufacturers listed below supply glazing and metal components for their products. Several other
manufacturers who offer only the metal components are not listed but could be added.

Semi-Frameless Units: Provide metal-framed units, with hardware-supported glass doors that do not
have metal framing.

Hardware-Supported Units: supported by fastened shelf
Door Operation: Swinging on hinges
1. Safety Clip System: screwed to frame

Fasteners: Manufacturer's standard, stainless steel or other non-corrosive fasteners.

MATERIALS

Glass Doors and panel Safety glazing materials complying with 16 CFR 1201, Category Il, with
permanently etched identification acceptable to authorities having jurisdiction.

Clear Glass: ASTM C 1048, Type |, Quality-Q3, Class | (clear), Kind FT.
1. Sandblasted

Glass Nominal Thickness: 10 mm
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Framing: Aluminum
Hardware: Aluminum
Aluminum Finish: Polished, clear anodized

Installation Sealant: Neutral-curing silicone glazing sealant complying with ASTM C 920, Type S,
Grade NS, Class 25, Use NT.

1. Low-Emitting Materials: VOC content of sealants not more than 250 g/L.

2. Low-Emitting Materials: Sealants complying with testing and product requirements of
California Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."

PART 3 - EXECUTION

3.1

INSTALLATION

Prepare and install as recommended in manufacturer's written instructions, unless more stringent
requirements are contained in GANA's "Glazing Manual."

Set units level, plumb, and true to line, without warp or rack of frames and panels and anchor
securely in place.

Install doors to produce smooth operation and tight fit at contact points.

END OF SECTION 10 28 19
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Division 11 — EQUIPMENT

SECTION 11 26 00 - UNIT KITCHENS

PART 1 - GENERAL

11 SECTION REQUIREMENTS

A. Submittals: Product Data.

PART 2 - PRODUCTS

2.1 UNIT KITCHENS

A Accessibility Requirements: Comply with applicable provisions in the U.S. Architectural &
Transportation Barriers Compliance Board's Accessibility Guidelines and ICC A117.1.

B. Cabinets: Wood.
C. Countertop: Solid surfacing.

D. Wall Shields: Provide wall shields matching countertop at back wall and side walls between
countertop splash and wall cabinets.

E. Sink: Drop in, stainless steel.
1. 39 3/8 inches (1000 mm) by 20 7/8 inches (5300 mm).
F. Faucet: Single-lever, European-style spout with pull-out spray.

G. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a
gualified testing agency, and marked for intended location and application.
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PART 3 - EXECUTION

3.1 INSTALLATION
A. Install level, plumb, and true; shim as required, using concealed shims.
B. Anchor unit kitchens at ends and at not more than 36 inches (910 mm) o.c. Install anchors through

reinforcing or blocking; use concealed fasteners.

C. Test, adjust, and verify operation of each appliance, plumbing fixture, and component of unit
kitchens.

END OF SECTION 11 26 00
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SECTION 11 31 00 - RESIDENTIAL APPLIANCES

PART 1 - GENERAL

1.1 SECTION REQUIREMENTS
A. Allowances: See Section 012000 "Price and Payment Procedures" for appliance allowances.

B. Submittals: Product Data.

PART 2 - PRODUCTS

2.1 RESIDENTIAL APPLIANCES
A. Regulatory Requirements: Comply with the following:

1. NFPA: Provide electrical appliances listed and labeled as defined in NFPA 70, by a qualified
testing agency, and marked for intended location and application.
2. ANSI: Provide gas-burning appliances that comply with ANSI Z21 Series standards.

B. Accessibility: Where residential appliances are indicated to comply with accessibility requirements,
comply with the U.S. Architectural & Transportation Barriers Compliance Board's Accessibility
Guidelines ICC A117.1

C. Induction Cooktop: 30-inch (762-mm), built-in cooktop with four burner elements.
1. Manufacturers: GE
2. Color: Stainless
D. Electric Wall Oven: Built-in, single electric, self-cleaning wall oven with broiler unit.
1. Manufacturers: Whirlpool
2. Color: Stainless
E. Exhaust Hood: 30-inch (762-mm), suspended-island-canopy, recirculating, nonventing exhaust hood

with three-speed automatic fan.

1. Manufacturers

U.S. D.O.E. Solar Decathlon 2013 Construction Specifications | Page 157
Residential Appliances 113100



ECHO by TEAM ONTARIO As-Built Project Manual

2. Color: Stainless
3. Fan Control: Hood-mounted switch, with separate light switch.
4, Weatherproof roof cap with backdraft damper and rodent-proof screening.
F. Refrigerator/Freezer: Freestanding, frost-free two-door refrigerator with bottom-mounted freezer,

baked-enamel-on-steel, ABS thermoplastic-copolymer interior cabinet liners.

1. Manufacturers:
a. Fisher & Paykel.
2. Color: Stainless
3. Fresh Food Compartment Volume: 12.4 cu. ft. (0.44 cu. m)
4, Freezer Compartment Volume: 5.1 cu. ft. (0.15 cu. m)
5. Shelf Area: 2 adjustable glass shelves, 26 sq. ft. (2.42 sq. m)
6. Energy Performance: 440kWh/yr
G. Dishwasher: Built-in, undercounter, automatic dishwasher, sized to replace 24-inch- (610-mm-) base

cabinet, 9 wash cycles with hot-air and heat-off drying cycles, stainless-steel tub and door liner, PVC-
coated sliding dish racks.

1. Manufacturers:
a. Fisher & Paykel.
2. Color: Stainless
3. Energy Performance: Energy star rated CEE tier 1
H. Clothes Washer: Freestanding, front-loading, automatic clothes washer with 4.3-cu. ft. capacity

stainless-steel tub and 7 wash cycles including regular, delicate, and permanent press

1.

2.
3.

Manufacturers:
a. LG Appliances.

Color: Gray
Energy Performance: Energy Star, 110kWh/yr

l. Electric Clothes Dryer: Freestanding, front-loading clothes dryer, 7.1-cu. ft. capacity with stainless-
steel interior.

1. Manufacturers:
a. LG Appliances.
2. Color: Gray
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PART 3 - EXECUTION

3.1 INSTALLATION

A Built-in Appliances: Securely anchor to supporting cabinetry or countertops with concealed
fasteners. Verify that clearances are adequate for proper functioning and rough openings are
completely concealed.

B. Freestanding Appliances: Place in final locations after finishes have been completed in each area.
Verify that clearances are adequate to properly operate equipment.

C. Test each item of residential appliances to verify proper operation. Make necessary adjustments.

D. Verify that accessories required have been furnished and installed.

END OF SECTION 1131 00
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Division 21 — FIRE SUPPRESSION

SECTION 21 05 00 - COMMON WORK RESULTS FOR FIRE SUPPRESSION

PART 1 - GENERAL

1.1 SECTION REQUIREMENTS
A. Submittals:

1. Product Data: For each type of product indicated.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS
A. Seismic-Restraint Loading:

1. Site Class as Defined in the IBC: D.
2. Assigned Seismic Use Group or Building Category as Defined in the IBC: I

a. Component Importance Factor: 1.5.
b. Component Response Modification Factor: 3.0.
C. Component Amplification Factor: 1.0.

3. Design Spectral Response Acceleration at Short Periods (0.2 Second): 150%.
4, Design Spectral Response Acceleration at 1-Second Period: 60%.
2.2 SLEEVES

A. Mechanical Sleeve Seals: Modular rubber sealing element unit, designed for field assembly, to fill
annular space between pipe and sleeve.

B. Galvanized-Steel Sheet: 0.0239-inch (0.6-mm) minimum thickness; round tube closed with welded
longitudinal joint.

C. Galvanized-Steel Pipe Sleeves: ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends.

D. PVC Pipe: ASTM D 1785, Schedule 40.
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2.3 ESCUTCHEONS & FLOOR PLATES

A Description: Manufactured wall and ceiling escutcheons and floor plates, with an ID to closely fit
around pipe, tube, and insulation of insulated piping and an OD that completely covers opening.

B. One-Piece, Stamped-Steel Type: With set screw and chrome-plated finish.

2.4 GROUT

A. Description: ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout.

2.5 SEISMIC-RESTRAINT DEVICES

A Channel Support System: MFMA-4, shop- or field-fabricated support assembly made of slotted steel
channels with accessories for attachment to braced component at one end and to building structure
at the other end and other matching components and with corrosion-resistant coating; and rated in
tension, compression, and torsion forces.

B. Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant neoprene,
with a flat washer face and matched to type and size of attachment devices used.

C. Mechanical Anchor Bolts: Drilled-in and stud-wedge or female-wedge type in zinc-coated steel for
interior applications and stainless steel for exterior applications. Select anchor bolts with strength
required for anchor and as tested according to ASTM E 488. Minimum length of eight times
diameter.

1. Adhesive Anchor Bolts: Drilled-in and capsule anchor system containing polyvinyl or urethane
methacrylate-based resin and accelerator, or injected polymer or hybrid mortar adhesive.
Provide anchor bolts and hardware with zinc-coated steel for interior applications and
stainless steel for exterior applications. Select anchor bolts with strength required for anchor
and as tested according to ASTM E 488.

PART 3 - EXECUTION

31 GENERAL PIPING INSTALLATIONS
A. Install piping free of sags and bends.
B. Install fittings for changes in direction and branch connections.
C. Sleeves:
1. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.
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3.2

2. For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to
provide 1-inch (25-mm) annular clear space between piping and concrete slabs and walls.
3. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and

walls are constructed.
Escutcheons & Floor Plates:

1. Install escutcheons for piping penetrations of walls, ceilings, and finished floors.

2. Install escutcheons with ID to closely fit around pipe, tube, and insulation of piping and with

OD that completely covers opening.

Install floor plates for piping penetrations of equipment-room floors.

4, Install floor plates with ID to closely fit around pipe, tube, and insulation of piping and with OD
that completely covers opening.

w

Install unions at final connection to each piece of equipment.

SEISMIC-RESTRAINT DEVICE INSTALLATION
Piping Restraints:
1. Comply with requirements in MSS SP-127 and NFPA 13.

Install seismic-restraint devices using methods approved by an agency acceptable to authorities
having jurisdiction providing required submittals for component.

Install bushing assemblies for anchor bolts, arranged to provide resilient media between anchor bolt
and mounting hole in concrete base.

Install bushing assemblies for mounting bolts, arranged to provide resilient media where equipment
or equipment-mounting channels are attached to wall.

Attachment to Structure: If specific attachment is not indicated, anchor bracing to structure at
flanges of beams, at upper truss chords of bar joists, or at concrete members.

Drilled-in Anchors:

1. Do not damage existing reinforcing or embedded items during coring or drilling.

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has achieved full
design strength.

3. Wedge Anchors: Protect threads from damage during anchor installation. Heavy-duty sleeve

anchors shall be installed with sleeve fully engaged in the structural element to which anchor
is to be fastened.

4, Adhesive Anchors: Clean holes to remove loose material and drilling dust prior to installation
of adhesive. Place adhesive in holes proceeding from the bottom of the hole and progressing
toward the surface in such a manner as to avoid introduction of air pockets in the adhesive.

5. Set anchors to manufacturer's recommended torque, using a torque wrench.
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6. Install zinc-coated steel anchors for interior and stainless-steel anchors for exterior
applications

END OF SECTION 21 05 00
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SECTION 21 10 00 - WATER-BASED FIRE-SUPPRESSION SYSTEMS

PART 1 - GENERAL

1.1 SECTION REQUIREMENTS
A. Submittals:
1. Product Data for valves, sprinklers, specialties, and alarms.
2. Submit sprinkler system drawings identified as "working plans" and calculations according to
NFPA 13. Submit required number of sets to authorities having jurisdiction for review,

comment, and approval. Include system hydraulic calculations.
3. Submit test reports and certificates as described in NFPA 13.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS
A. Design and Installation Approval: Acceptable to authorities having jurisdiction.
B. Hydraulically design sprinkler systems according to NFPA 13.
C. Comply with NFPA 13D and NFPA 70.

D. UL-listed and -labeled and FM-approved pipe and fittings.

2.2 PIPE AND FITTINGS

A. CPVC Plastic Pipe: ASTM F 442/F 442M, UL 1821, 175-psig (1207-kPa) rating, made in NPS (DN) for
sprinkler service. Include "Listed" and "CPVC Sprinkler Pipe" marks on pipe.

B. CPVC Plastic Pipe Fittings: ASTM F 438 for NPS 3/4 to NPS 1-1/2 (DN 20 to DN 40) and ASTM F 439
for NPS 2 (DN 50), UL listed, 175-psig (1207-kPa) rating, for sprinkler service. Include "Listed" and
"CPVC Sprinkler Fitting" marks on fittings.

C. Provide hangers, supports, and seismic restraints with UL listing and FM approval for fire-protection
systems.
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2.3 VALVES

A Fire-Protection Service Valves: UL listed and FM approved, with 175-psig (1207-kPa) nonshock
minimum working-pressure rating. Indicating valves shall be butterfly or ball type, bronze body, and
integral indicating device with visual 115-V ac, electric, single-circuit supervisory switch indicator.

B. Gate Valves: UL 262, cast bronze, solid wedge, outside screw and yoke, rising stem.

C. Swing Check Valves, NPS 2 (DN50) and Smaller: UL 312 or MSS SP-80, Class 150; bronze body with
bronze disc.

D. Alarm Check Valves: UL 193, 175-psig (1200-kPa) working pressure, designed for horizontal or
vertical installation, with cast-iron, bronze grooved seat with O-ring seals, and single-hinge pin and
latch design. Include trim sets for bypass, drain, electric sprinkler alarm switch, pressure gages,
retarding chamber, fill-line attachment with strainer, and drip cup assembly.

E. Ball Drip Valves: UL 1726, automatic drain valve, NPS 3/4 (DN 20), ball check device.

2.4 SPRINKLERS

A. Automatic Sprinklers: With heat-responsive element complying with the following:
1. UL 1626, for residential applications.

B. Sprinkler Types and Categories: Nominal 1/2-inch (12.7-mm) orifice for "Ordinary" temperature
classification rating unless otherwise indicated or required by application.

C. Sprinkler types include the following:

1. Upright, pendent, and sidewall sprinklers.
2. Quick-response sprinklers.

D. Sprinkler Finishes: White enamel and bronze.

E. Sprinkler Escutcheons: White enamel steel, one piece, semi-recessed; with finish to match
sprinklers.

F. Sprinkler Guards: Wire-cage type, including fastening device.

G. Sprinkler Cabinets: Finished steel cabinet and hinged cover, with space for minimum of six spare
sprinklers plus sprinkler wrench, suitable for wall mounting. Include number of sprinklers required
by NFPA 13 and one wrench for sprinklers. Include separate cabinet with sprinklers and wrench for
each style sprinkler on Project.
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2.5

PIPING SPECIALTIES AND ALARM DEVICES

Fire Department Connection: UL 405, flush, wall type, with cast-brass body; NH-standard thread
inlets matching local fire department threads.

1. Finish: Polished chrome-plated.

Water-Motor-Operated Alarms: UL 753, mechanical-operation type with pelton-wheel operator with
shaft length, bearings, and sleeve to suit wall construction and 10-inch- (250-mm-) diameter, cast-
aluminum alarm gong with red-enamel factory finish. Include NPS 3/4 (DN 20) inlet and NPS 1
(DN 25) drain connections.

Water-Flow Indicators: UL 346; electrical-supervision, vane-type water-flow detector; with 250-psig
(1725-kPa) pressure rating; and designed for horizontal or vertical installation. Include two single-
pole, double-throw, circuit switches for isolated alarm and auxiliary contacts, 7 A, 125-V ac and
0.25 A, 24-V dc; complete with factory-set, field-adjustable retard element to prevent false signals
and tamperproof cover that sends signal if removed.

Pressure Switches: UL 753; electrical-supervision-type, water-flow switch with retard feature.
Include single-pole, double-throw, normally closed contacts and design that operates on rising
pressure and signals water flow.

Valve Supervisory Switches: UL 753; electrical; single-pole, double throw; with normally closed
contacts. Include design that signals controlled valve is in other than fully open position.

Pressure Gages: UL 393, 3-1/2- to 4-1/2-inch- (90- to 115-mm-) diameter dial with dial range of 0 to
250 psig (0 to 1725 kPa).

PART 3 - EXECUTION

3.1

3.2

EARTHWORK

Comply with requirements in Section 312000 "Earth Moving" for excavating, trenching, and
backfilling

SERVICE-ENTRANCE PIPING

Water-Main Connection: Arrange with water utility company for tap of size and in location indicated
in water main.

Water-Main Connection: Tap water main according to requirements of water utility company and of
size and in location indicated.

Connect sprinkler piping to water-service piping for service entrance to building.
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D. Install shutoff valve, backflow preventer, pressure gage, drain, and other accessories indicated at
connection to water-service piping

E. Install shutoff valve, check valve, pressure gage, and drain at connection to water service.

33 PIPING INSTALLATION

A. Install "Inspector's Test Connections" in sprinkler piping, complete with shutoff valve.

B. Install sprinkler zone control valves, test assemblies, and drain headers adjacent to standpipes.

C. Install ball drip valves to drain piping between fire department connections and check valves. Drain
to floor drain or outside building.

D. Install alarm devices in piping systems and connect to fire-alarm system.

E. Protect piping from earthquake damage as required by NFPA 13.

F. Install pressure gages on riser or feed main, at each sprinkler test connection, and at top of each
standpipe. Install gages to permit removal, and install where they will not be subject to freezing.

G. Install fire-protection service valves supe