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What Is Market Transformation?
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U.8. DEPARTMENT OF Energy Efficiency &
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Removing Physical Barriers
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in the context of problems with existing buildings
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FUTURE:
FLUSH-MOUNT

PHOTOVOLTAIC 3
SOLAR PANEL(S)
12
0)

TWIN CITIES AREA
NOON SUN ANGLE:

JUNE 21 = 68.5°
DECEMBER 21 = 21.5°

OPTIMUM
PHOTOVOLTAIC ROOF
SLOPE AT 35°-37° (OR
ABOUT A 9:12 ROOF
PITCH)

RATED CONDUIT WITH
ELECTRICAL WIRING -
ROOF TO BASEMENT -

CAP AT ROOF

DC DISCONNECT-

ELECTRICAL PANEL

[SYSTEM SHOWN:
TYPICAL GRID
INTER-CONNECTION
SYSTEM (NO BATTERY
BACKUP)]

TWIN CITIES AREA
NOON SUN ANGLE:

JUNE 21 = 68.5°
DECEMBER 21 = 21.5°

OPTIMUM SOLAR
THERMAL ROOF SLOPE
AT 45° (OR A 12:12
ROOF PITCH)

*THE OPTIMUM SLOPE
FOR WINTER SPACE
HEATING IS 60°

CONDITIONED / RATED
CHASE WITH PIPING
AND WIRING- ROOF
TO BASEMENT - CAP
AT ROOF

MIXING VALVE
HOT OU

DRAIN BACK TANK:

HEAT EXCHANGER-

FUTURE:

FLUSH-MOUNT

SOLAR THERMAL
PANE

llluminate the cost benefit
and simplify the
requirements of solar ready
construction for residential
and commercial buildings

Inform team members of
available reference
documents

Make the process and
technologies more
transparent

Give an overview of the
decision points

Create a clear path for
decision-making

Describe the responsibilities
of team members
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Reference Docunr

«* Solar Thermal & Photovoltaic
Systems — 2007

e |dentifies solar system
engineering issues

Volume 6 Building America Best Practices Series

High-Performance Home Technologies:

e Addresses affordability and
marketability of zero net
energy houses

Solar Thermal
& Photovoltaic Systems

SM

Buildin
Al e .

U.S. Department of Energy
Research Toward Zero Energy Homes

Includes detailed
descriptions of ST & PV

Pacific Northwest National Laboratory & Oak Ridge National Laboratory

June 4, 2007 y
e
ST e ey * Includes case studies of
PNNL-16362 ~ Energy Efficiency and Renewable Energy
Bringing you a prosperous future where energy is clean, abundant, reliable, and affordable

various scale installations



Reference Doc

¢ Building America Research
Benchmark — 2007

Researchthat' Works

Research Toward Zero Energy Homes ' January 2008 « NREL/TP-550-42662

- . e Tracks progress of zero net
Building America Research Benchmark

Definition, Updated December 20, 2007 energy h omes
e : s — ® Provi d es b enc h Mar kS
- H € o JET T | VT YU F e PRy developed With industry
teams

e Extension of Home Energy
Rating System (HERS)

Robert Hendron
National Renewable Energy Laboratory

- U.S. Department of Energy - -
£ © Energy Efficiency and Renewable Energy Building Technologies Program
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Site Planning
Building Form Planning
Space Planning

Roof Planning

A

Solar Ready Building Design Guidelines
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Mechanical & Electrical
System Planning




How the G

Bulding Form Planning

To define the building form requirements for Photovoltaic and/or Solar Thermal System, the following documentation will be needed:
Dimensioned Site Plan with roof plan and location of solar array; show adjacent properties, buildings and vegetation.
Building Elevations

Building Section through solar array, show relationship to adjacent properties. \D .
Doc umentdalion needed

Three-dimensional representations may be useful.

Site & Plan Organization
Starting Point: Think of the area for the solar array as an essential space in the building's program.

Rules of Thumb: In general, 100-150 square feet of roof area is needed for 0.8-1.0kW of solar modules depending on racking technology. A moderate-sized
single-family residential sized solar thermal system has approximately 65 square feet of solar collector area and may need 100 square feet of

roof area.
A contiguous rectangle of the required size works best. Dec i1 Sion /DOI.I‘)Z‘S
Like a kitchen, the solar array has a size and function to be included early in the building's design process.
Photovoltaic Systems: Solar Thermal Systems: Decision Making: Decision Points: Responsibility:
Site the building and arange the Same. Determine the size of the solar Aninitial step in the | Architect or Builder
building plan with solar access as a array, optimize its location on the Building Planning with input from Solar
design criteria so that the location site, and evaluate building plan Process. Consultant.
of the solar array is an integral options with this in mind to
element of the building design, not minimize the length of the electrical Lo
an afterthought feed. DeciSion
The location of the solar array on The location of the solar array on Develop the early building plan and r QSP ONS1 é’ / ties
the roof has consequences for the | the roof has consequences for the | proximity diagrams with this
location of and distance to the location of and distance to the relationship in mind.
inverter, the electrical meter, and storage tanks and for the routing of
for the routing of the solar electric the pipes from the array to the
feed. tanks.

C/D&:C I Sion —-Ma,é/rg

5}/5 Zer re?afremenZ‘S

Solar Ready Building Design Guidelines for the Twin Cities, Minnesota




Site Planning

ing for Solar Access
Aesthetic Considerations

» City Regulatory Issues



Building Form Planning

on
Jilding Massing
¢ Orientation

* Roof Form



FLUSH-MOUNT y \ FLUSH-MOUNT
PHOTOVOLTAIC 3 { SOLAR TH!}E:T\NIIE\L

re— ¢ Space for Inverters &

SOLAR PANEL(S)
12

TWIN CITIES AREA
NOON SUN ANGLE:

JUNE 21 = 68.5°
DECEMBER 21 = 21.5°

OPTIMUM
PHOTOVOLTAIC ROOF
SLOPE AT 35°-37° (OR
ABOUT A 9:12 ROOF
PITCH)

RATED CONDUIT WITH
ELECTRICAL WIRING -
ROOF TO BASEMENT -

CAP AT ROOF

ELECTRICAL PANEL

[SYSTEM SHOWN:
TYPICAL GRID
INTER-CONNECTION
SYSTEM (NO BATTERY
BACKUP)]

TWIN CITIES AREA
NOON SUN ANGLE:

JUNE 21 = 68.5°
DECEMBER 21 = 21.5°

OPTIMUM SOLAR
THERMAL ROOF SLOPE
AT 45° (OR A 12:12
ROOF PITCH)

*THE OPTIMUM SLOPE
FOR WINTER SPACE
HEATING IS 60°

CONDITIONED / RATED
CHASE WITH PIPING
AND WIRING- ROOF
TO BASEMENT - CAP
AT ROOF

MIXING VALVE
HOT OU

DRAIN BACK TANK:

HEAT EXCHANGER-

Disconnects

Distance from Solar Array to
Inverter

Space for Water Storage
IERLS

Space for Valves, Pumps,
Heat Exchangers, Expansion
Tanks, Etc.

Chase from Solar Array to
Mechanical Space for Piping



Roof Planning

* Obstructions

¢ Structure
** Mounting Systems

** Roof Warranty



Mechanical & Electrical

System Planning

onduit from roof to
ice panel

trical panel space for power
input breaker

<

Space in breaker box for the solar
electric feed

Production Meter
Ground solar electrical system
Pipes from roof to tank location

Insulate and cap pipes

o e e P B

Sensor wire parallel to water pipes

http://www.powertripenergy.com/



Specification
Constru

Lunning Wende Associstes

SOLAR READY CONSTRUCTION REQUIREMENTS ACKNOWLEDGEMENT
Project: Project No.:
Location:
Permit No:

SOLAR READY CONSTRUCTION INSPECTION SCHEDULE

Description of |Pre-Construction Inspection |Re-inspecl Acknowledge-  |Ackni
lork Meeting #1 n s ment #2 ment

Prior to beginning of
Wall Finishing

Note: Schedule is to be filled cut during construction.
#1Inspector shall initial and date following each inspection.
#2 Contractor shall initial and date following acceptance of the work by the Inspector.
Contractor and Inspector(s) to sign and date:
Contractor:
Framing Insp.:
Roofing Insp.:
Finishing Insp.:
Plumbing Insp.:
Electrical Insp.:
Architect:

Owner:

SOLAR READY CONSTRUCTION - 017500-

Intent and Conditions
Requirements
Responsibilities
Inspections and Reports

Protection and Repair
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dy Construction...
Adds a building system
Adds a new program element

Requires an integrated
approach

One part of a complex puzzle
of building better buildings
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Structural Aspects
for Solar Array Support




Applications




Environmental Conditions

* Wind Effect



Structural Basics

oht of the

bosed DL (SIDL) =
modate roofing, ceiling, lights,
echanical, etc. = 15-25 psf

[Snow + SIDL = 50 — 55 psf (typical)]




Structural Basics

plift/downward

ole = more wind load

required) = 20 — 30 psf (or more)

oad for Ballast + Array is well in excess of
typical SIDL allowance of 15 — 25 psf

e Still need to support roofing, M/E/P, ceiling, etc.

e Panel supports induce point and line loads



Roof Obstructions

ow load

g” effect if several
s are present

...........

..................
......................
....................

o sliding snow off collectors to
ow-side roof

Due to “projection” drifting

-
/ .~
- -

[Ref. ASCE 7-05 Minimum Design
Loads for Buildings and Other
Structures, Appendix C7.8.]



Roof Projections

ow load at




Retrofit Installations

d 40 psf snow load
psf snow load
or Solar Array weight
eserve for additional SIDL
al - assuming one layer of shingles present
But not likely enough for ballast!
e Highly unlikely enough for drift + ballast!
e Still need to consider non-uniform loading

e Upward or downward wind loads may govern



Retrofit Installations

ope on flat roof
an 2’ height - no drift and reduced wind

ange in less than 15’ lengths and space segments at
least 15’ apart (no drift)

Raise array approximately 4’ (no drift, but more wind
uplift)

Non-ballasted system



Retrofit Installation Option

S

** Non-ballasted System




Retrofit Installation Options

Both options can be cost-
prohibitive!




New / Solar Ready

posts extending above roof
al cost
ssues with location, waterproofing, maintenance, thermal bridging

Design designated area of roof for additional 20 - 40 psf for potential
ballasted system and/or drift and consider non-uniform load potential

+ Modest cost — less than S1/sf
+ Provides future options

Include layout and loads on A/E drawings for future engineer’s benefit!



New / Solar Ready

3 for additional 25-30 psf and consider non-

all - solar thermal usually 2 - 4’x8’ collectors, PV varies

Design steeper roof at select area for direct mount

Design for additional 10-15 psf and add blocking between joists/
trusses

e |Include layout and loads on Architectural drawings
e Accomplish at modest up-front cost

e Provides future options



Additional Considerations

ng installation
affic after installation
pansion / contraction / runoff patterns

abrasion due to racking / support system “walking”

Source: Great Expectations - Considerations before rooftop solar power
generation, The Construction Specifier, October 2010
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