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SUMMARY OF CHANGES

Changes to the project manual are outlined below.

EXTERIOR

The rooftop canopy structure has been eliminated

The roof is no longer accessible from the interior and is now at one continuous level

The solar panels have been racked at an angle and include low planting trays.

Exterior materials have been relocated and re-oriented. See plans and elevations.

The specific dimensions, position, and types of fenestration have changed. Total glazed quantity has not changed
drastically. See plans and elevations.

FLOOR PLAN

The bathroom, Mechanical room, and kitchen have been moved to the east wall

The bedroom closet has been moved from the East to the South wall of the room

The stair has been changed and now has a L-shaped configuration

The office has been moved from the entryway to the stair area

The ceiling height in the kitchen and bedroom have been raised; the ceiling in the entry has been lowered
The laundry closet has been shifted away from the kitchen

The kitchen has been reconfigured to incorporate an island

STRUCTURE/ASSEMBLY

Panel size of the structural prefabricated wall panels has changed from 4’ wide to various sizes, between 8’ and 17’.
To lift these panels into place a Lull or large forklift will be required.

Connection details between panels has changed from splines and internal steel angles to external steel angle clips.
An interior non-structural “finish wall” has been added in several locations.

MECHANICAL

The outdoor condenser unit has moved from the roof to the ground, adjacent to the building.

The mini-split heat pump has been relocated from the kitchen ceiling to above the entry hall.

The heat pump water heater has changed from a GE GeoSpring to an AirGenerate ATI66 (a different heat pump wa-
ter heater)

ELECTRICAL
The location of the organizer-provided power

EXHIBITION/ DECK

The layout of the decking and ramps has changed, there are two main decked areas at the front and the back of the
house, divided with the water tanks that are covered in planters.

A rainwater catchment feature that leads water into a planted rain-garden planter has been added to the exterior
design.

the dimensions of the vegetable planters have changed, the planters are now situated on the ground as part of the
exterior landscaping.

there is signage in form of printed banners integrated into the railings of the ramps..

A geotextile is now covering the ground as protection of the turf at all uncovered lot areas.

There is no freestanding exhibitry on either the deck nor the open area of the lot.
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| RULE | RULE DESCRIPTION LOCATION DESCRIPTION LOCATION

Rule 4-2

Rule 4-2

Rule 4-3

Rule 4-4
Rule 4-5

Rule 4-6

Rule 4-6

Rule 4-7

Rule 4-7

Rule 5-2

Rule 5-2

Rule 6-1

Rule 6-2

Rule 6-2

Rule 6-3

Rule 7-1

Construction Equipment
Construction Equipment

Ground Penetration

Impact on the Turf
Generators

Spill Containment

Spill Containment

Lot Conditions

Lot Conditions

Solar Envelope Dimensions

Solar Envelope Dimensions

Structural Design Approval

Finished Square Footage

Finished Square Footage

Entrance and Exit Routes

Placement

Drawing(s) showing the assembly and disassembly
sequences and the movement of heavy machinery on
the competition site

Specifications for heavy machinery

Drawing(s) showing the locations and depths of all
ground penetrations on the competition site

Drawing(s) showing the location, contact area, and
soil-bearing pressure of every component resting
directly on the turf

Specifications for generators

Drawing(s) showing the locations of all equipment,
containers, and pipes that will contain liquids at any
point during the event

Specifications for all equipment, containers, and pipes
that will contain fluids at any point during the event

Calculations showing that the structural design
remains compliant even if 18 in. (45.7 cm) of vertical
elevation change exists

Drawing(s) showing shimming methods and materials
to be used if 18 in. (45.7 cm) of vertical elevation
change exists on the lot

Drawing(s) showing the location of all house and site
components relative to the solar envelope

List of solar envelope exemption requests
accompanied by justifications and drawing references

List of, or marking on, all drawing and project manual
sheets that have been or will be stamped 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

Drawing(s) showing all information needed by the
rules officials to measure the finished square footage
electronically

Drawing(s) showing all movable components that may
increase the finished square footage if operated
during contest week

Drawing(s) showing the accessible public tour route
and the ground surface area that will be covered by
organizer-provided walkway material

Drawing(s) showing the location of all vegetation and,
if applicable, the movement of vegetation designed as
part of an integrated mobile system

0-102

0-102
S-501

S121

PM 245

P-101 P102
L-401 L501

P601-P901

S-501

S-501

G-101

N/A

S-001, S-101,
S-102, S-103,
S104, S-121, S-401,
S-501,

PM

G-102

G-102, A525
PM 41

G-111, G121, G2

L-101
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Rule 7-2

Rule 8-1

Rule 8-3

Rule 8-4
Rule 8-4

Rule 8-5

Rule 8-5

Rule 8-5

Rule 8-5

Rule 8-5

Rule 8-5

Rule 8-5

Rule 9-1

Rule 9-1

Rule 9-2

Rule 9-3

Watering Restrictions

PV Technology Limitations

Batteries

Desiccant Systems
Desiccant Systems

Village Grid

Village Grid

Village Grid

Village Grid

Village Grid

Village Grid

Village Grid

Container Locations

Container Locations

Team-Provided Liquids

Greywater Reuse

Drawing(s) showing the layout and operation of
greywater irrigation systems

Specifications for photovoltaic components

Drawing(s) showing the location(s) and quantity of all
primary and secondary batteries and stand-alone, PV-
powered devices

Drawing(s) describing the operation of the desiccant
system

Specifications for desiccant system components

Completed interconnection application form.

Drawing(s) showing the locations of the
photovoltaics, inverter(s), terminal box, meter
housing, service equipment, and grounding means

Specifications for the photovoltaics, inverter(s),
terminal box, meter housing, service equipment, and
grounding means

One-line electrical diagram

Calculation of service/feeder net computed load per
NEC 220

Site plan showing the house, decks, ramps, tour
paths, and terminal box

Elevation(s) showing the meter housing, main utility
disconnect, and other service equipment

Drawing(s) showing the location of all liquid
containers relative to the finished square footage

Drawing(s) demonstrating that the primary supply
water tank(s) is fully shaded from direct solar
radiation between 9 a.m. and 5 p.m. EDT or between
8 a.m. and 4 p.m. solar time on October 1

Quantity, specifications , and delivery date(s) of all
team-provided liquids for irrigation, thermal mass,
hydronic system pressure testing, and thermodynamic
system operation

Drawing(s) showing the layout and operation of
greywater reuse systems

NA

PM 250

N/A

N/A
N/A

PM 44
G-122

PM

E-901

E-601

A-201

G-122

P-101

P-101

PM 38

N/A
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Rule 9-4

Rule 9-6

Rule 9-6

Rule 9-7

Rule 9-8

Rule 9-8

Rule 9-9

Rule 9-9

Rule 11-4

Rainwater Collection

Thermal Mass

Thermal Mass

Greywater Heat Recovery

Water Delivery

Water Delivery

Water Removal

Water Removal

Public Exhibit

Drawing(s) showing the layout and operation of
rainwater collection systems

Drawing(s) showing the locations of liquid-based
thermal mass systems

Specifications for components of liquid-based thermal

mass systems

Drawing(s) showing the layout and operation of
greywater heat recovery systems

Drawing(s) showing the complete sequence of water
delivery and distribution events

Specifications for the containers to which water will
be delivered

Drawing(s) showing the complete sequence of water
consolidation and removal events

Specifications for the containers from which water
will be removed

Interior and exterior plans showing entire accessible
tour route

L501- L502

N/A

N/A

N/A

P-101, P902
PM 38

PM 38

OP-102, P-903

PM 158

G111-G121
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THIS CALCULATION PACKAGE IS FOR REFERENCE ONLY

THESE CALCULATIONS ARE NOT FOR CONSTRUCTION AND ARE
ONLY TO BE USED TO DEMONSTRATE THE STRUCTURAL SYSTEM
OF THE BUILDING

CALCS DO NOT GOVERN OVER WHAT IS SHOWN IN THE
CONSTRUCTION DOCUMENTS, AND ARE TO BE USED WITH ALL
CODES AND DOCUMENTS REFERENCED IN THE GENERAL NOTES

CALCS ARE FOR A ONE STORY STRUCTURE ONLY
NOTIFY ENGINEER OF ANY CHANGES MADE TO THE SHAPE OR
SIZE OF THE STRUCTURE




GENERAL NOTES:

1.

10.

11.

12.

13.

THE PROJECT SHALL CONFORM TO THE 2009 INTERNATIONAL BUILDING CODE, ALONG WITH THE DISTRICT OF
COLUMBIA BUILDING CODE SUPPLEMENT 1999. ALL LOADS SHOWN ARE FACTORED.

ALL STRUCTURAL WORK SHALL CONFORM TO THE PROJECT SPECIFICATIONS, ALL DRAWING NOTES, AND
APPLICABLE REFERENCE STANDARDS. THE SCOPE OF WORK IS NOT SOLELY DEFINED BY THESE
DOCUMENTS.

TYPICAL DETAILS APPLY THROUGHOUT THE PROJECT, EVEN IF NOT SPECIFICALLY REFERENCED IN PLANS OR
DETAILS. DETAILS OF CONSTRUCTION NOT FULLY SHOWN OR NOTED ON THE DRAWINGS NOR CALLED OUT IN
THE SPECIFICATIONS SHALL BE OF THE SAME SIZE AND CHARACTER AS FOR SIMILAR CONDITIONS WHICH
ARE SHOWN AND NOTED.

DO NOT USE SCALED DIMENSIONS; USE ONLY WRITTEN DIMENSIONS. WHERE NO DIMENSION IS PROVIDED,
CONSULT THE ARCHITECT FOR CLARIFICATIONS BEFORE PROCEEDING WORK.

SEE ARCHITECTURAL DRAWINGS FOR SITE POSITIONING AND PROJECT DATUM REFERENCE (0-0") SHOWN ON
ARCHITECTURAL DRAWINGS.

THE CONTRACTOR SHALL BE SOLEY RESPONSIBLE FOR THE CONDITIONS OF THE JOB SITE INCLUDING
SAFETY OF PERSONS AND PROEPRTY AND THE MEANS AND METHODS OF CONSTRUCTION.

STRUCTURAL ELEMENTS SHALL BE CENTERED ABOUT GRIDLINES OR DIMENSION LINES, UNLESS OTHERWISE
NOTED.

ALL STRUCTURAL WORK SHALL BE COORDINATED WITH ARCHITECTURAL, MECHANICAL, ELECTRICAL,
PLUMBING, ETC. REQUIREMENTS. REFER TO ARCHITECTURAL DRAWINGS FOR DIMENSIONS NOT SHOWN ON
PLAN. DISCREPANCIES AND/OR INTERFACES SHALL BE REPORTED TO THE ARCHITECT IMMEDIATELY.

CONTRACTOR SHALL BE RESPONSIBLE FOR PROVIDING ENGINEERED DESIGNS AND COORDINATION OF FINAL
SUPPORT DETAILS OF NON-STRUCTURAL ITEMS IDENTIFIED IN CONTRACT DOCUMENTS INCLUDING; BUT NOT
LIMITED TO:

A, MECHANICAL EQUIPMENT ATTACHMENTS

DETAILS SHOWN IN STRUCTURAL DRAWINGS ARE INDICATIVE IN NATURE. CONTRACTOR TO DESIGN,
COORDINATE, AND/OR PROVIDE ADDITIONAL FRAMING AS REQUIRED.

OPENINGS SHALL NOT BE MADE IN ANY STRUCTURAL MEMBER UNLESS SPECIFICALLY SHOWN ON THE
STRUCTURAL DRAWINGS OR APPROVED BY THE STRUCTURAL ENGINEER.

DEFICIENT WORK AND WORK NOT IN CONFORMANCE WITH THE CONTRACT DOCUMENTS AS IDENTIFIED BY
THE ARCHITECT OR INSPECTOR SHALL BE REPAIRED AT THE CONTRACTOR'S EXPENSE. CONTRACTOR SHALL
COMPENSATE OWNER FOR SERVICES ARISING FROM DEFICIENT WORK.

THE CONTRACTOR SHALL BE SOLELY RESPONSIBLE FOR ANY REQUIRED DEWATERING OF THE SITE DURING
CONSTRUCTION.




DESIGN LOADS:

BUILDING LOADS

1.

STRUCTURAL DESIGN OF THIS BUILDING IS IN ACCORDANCE WITH THE 2009 INTERNATIONAL BUILDING CODE,
ALONG WITH THE DISTRICT OF COLUMBIA BUILDING CODE SUPPLEMENT 1999 .

A. LIVE LOAD

B. DEAD LOAD
JOISTS/STUDS
NI-90x
Ni-40x
NI-20x
DECK
BLOCKING
MISC/MECH

INTERIOR PARTITIONS

C. WIND LOAD
BASIC WIND SPEED

IMPORTANCE FACTOR

EXPOSURE

D. SNOWLOAD
NO DRIFT REGIONS
DRIFT REGIONS

E. SEISMIC LOAD
SOIL PROFILE
SITE CLASS

F. ROOF DEAD LOAD

OPTIGREEN PANELS

ROOF PANELS

G. ROOF LIVE LOAD

40 PSF (FIRST FLOOR DESIGNED FOR 100PSF ASSEMBLY LL)

4.0 PLF
29 PLF
24 PLF
4 PSF
15 PSF
5 PSF

10 PSF

120 MPH
1.0
B

20 PSF
40 PSF

15 PFS
10 PSF

200 PSF

FOR TEMPORARY PAD FOOTINGS AT
TEMPORARY SITE LOCATION IN
WASHINGTON DC

NOTIFY ENGINEER OF ANY CHANGE
OF SITE LOCATION

(SERVICE)




WOOD:

1,

10.

ALL FRAMING LUMBER AND DETAILS OF WOOD CONSTRUCTION SHALL CONFORM TO THE "NATIONAL DESIGN
SPECIFICATION FOR STRESS GRADE LUMBER AND ITS FASTENINGS" (INCLUDING SUPPLEMENTS).

ALL ENGINEERED WOOD PRODUCTS ARE TO BE PROVIDED BY NORDIC ENGINEERED WOOD AND ARE TO
MEET ALL SPECIFICATIONS OF "NORDIC ENGINEERED WOOD RESIDENTIAL CONSTRUCTION GUIDE"
OR APPROVED EQUAL.

LAMINATED LUMBER SECTION ARE OF GRADE 24F-1.9E LVL, AS PER NORDIC ENGINEERED WQOOD,
OR APPROVED EQUAL. ‘

REFER TO "NORDIC RESIDENTIAL CONSTRUCTION GUIDE" FOR ALL INFORMATION INCLUDING,
BUT NOT LIMITED TO:

A. PENETRATION ALLOWANCES IN WOOD MEMBERS

B. BEARING REQUIREMENTS OF JOISTS

C. CONNECTION / BLOCKING DETAILS

TYPICAL LUMBER SHALL BE OF THE FOLLOWING MINIMUM GRADE AND SHALL BE GRADE STAMPED BY A
RECOGNIZED GRADING AGENCY, SHALL BE SURFACED DRY, AND SHALL BE USED AT A MAXIMUM OF
19% MOISTURE CONTENT.

SPECIES SPRUCE-PINE-FUR
GRADE 2

MIN. Fb 875

MIN. Fc 1,150

MODULUS OF ELASTICITY, E 1,400,000 PSI

PLYWOOD SHEATHING SHALL BE APA GRADE STAMPED FOR THE SPECIFIED SPAN, AND SHALL BE MADE WITH
EXTERIOR GLUE, AND SHALL BE OF THE FOLLOWING THICKNESS:

FLOORS/ROOQFS: APA RATED SHEATHING
EXPOSURE |

NON-SHEAR WALLS: APA RATED SHEATHING
EXTERIOR EXPOSURE |

SHEAR WALLS: APA RATED STRUCTURAL SHEATHING
GRADE |
EXTERIOR EXPOSURE |

ALL PLYWOOD SHEATHING SHALL BE GLLjE AND NAILED TO FLOOR JOISTS USING APA APPROVED
ELASTOMERIC CONSTRUCTION ADHESIVE AND CODE REQUIRED NAILING.

DETAILS OF WOO(D FRAMING SUCH AS NAILING, BLOCKING, BRIDGING, ETC. SHALL CONFORM TO THE
2009 INTERNATIONAL BUILDING CODE OR THE "NORDIC RESIDENTIAL CONSTRUCTION GUIDE" UNLESS
GREATER REQUIREMENTS ARE SHOWN IN DETAILS.

WHERE BEAMS ARE FLUSH FRAMED TO HEADER, USE APPROVED TYPE BEAM HANGER.

NO BEAMS, EXCEPT AS SHOWN IN DETAILS, SHALL BE CUT OR NOTCHED WITHOUT APPROVAL..
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Competition Water Usage

Time (pm) Volume of
Day Competition Water Usage
2:30 | 3:00 [ 3:30 | 4:00 8:00 | 8:30 | 9:00 | 9:30 (gal)
Clothes Washer 18
Dishwasher 2.38
10 Cooking 1
Hot Water 15
Total Per Day 36.38
Clothes Washer 18
11 Hot Water (2 draws) 30
Total Per Day 48
Clothes Washer 18
Dishwasher 2.38
12 Cooking 1
Hot Water (2) 30
Total Per Day 51.38
13 Hot Water (3) 45
Total Per Day 45
Clothes Washer (2) 36
Dishwasher 2.38
14 Hot Water (2) 30
Cooking for Movie MOVIE NIGHT 10
Total Per Day 78.38
Cooking 1
15 Hot Water (2) 30
Cooking for Movie MOVIE NIGHT 10
Total Per Day 41
Clothes Washer (2) 36
16 Dishwasher 2.38
Hot Water (2) 30
Total Per Day 68.38
Clothes Washer 18
Dishwasher 2.38
17 Hot Water (2) 30
Cooking 1
Total Per Day 51.38
COMPETITION TOTAL 420

Activity
Extra Time

Water Budget Totals

Competition Water Usage 420
Fire Protection 260
Vegetation 100
Contingency 220
TOTAL 1000
illing Schedule
Locations
Day (Ref to P-101) Openings | Clearance| Volume
5 |Water Supply tank #1] 24" >12" 1000
TOTAL 1000
val Schedule
Day [ocations (Ref to P-10] Openings| Clearance| Volume
20 | Grey Water Tank #1 24" >12" 900
TOTAL 900
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SUMMARY OF UNLISTED ELECTRICAL COMPONENTS
SUMMARY

There are no unlisted electrical components.
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SUMMARY OF RECONFIGURABLE COMPONENTS

The design incorporates three reconfigurable components:
A: Operable counter at kitchen island.

The kitchen counter incorporates an operable counter section that can be pulled up on the side facing the liv-
ing room to allow using the island as a small dining table with a workspace.

See drawings A525
B: Hidden Desk under Light Loft

The space under the staircase incorporates among a series of storage elements a fold down desk that creates
additional flexible workspace. When folded up the flap lines up flush with the cabinetry around.

See drawing A 522
C. Hidden Twin-sized bed under staircase

Below the stringer of the stair is a pull-out twin bed that allows the flex space in the middle of the house to
convert into a sleeping space.

See drawing A 405 and A521
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Interconnection Application Form

PV Systems

Module Manufacturer

Parson New School Stevens / Lot Number 204

Short Description of Array

DC Rating of Array
(sum of the DC ratings)

Yingli Solar Two (2) strings of eight (8) Yingli YL260C-30b modules 4.16kW DCp
Total DC power of all arraysis 4.2 kW (in tenths)

INVERTERS

Inverter Model Number Voltage Rating (kVA or KW) Quantity
Manufacturer

Fronius 1G 5100 240VAC 5.1kW AC One (1)

Total AC power of all invertersis 5 kW (in whole numbers)

The following information must be included in the project manual or construction documents. If located in the

construction documents, list the drawing locations in this section of the project manual. (Example: B3/E-201)

1. One-Line Electrical schematic — the loads do not have to be detailed.

2. Calculations of service/feeder net computer load and neutral load (NEC 220)

3. Planview of the lot showing the house, decks, ramps, tour paths, the service point and the distribution panel or

load center.

Provide the Team’s “Electrical Engineer” contact in the “Team Officer Contact Info” database on the Yahoo Group as

required per Rule 3-2.

Please see the “SD2011_Microgrid_Interconnection_Process_v1” file located the Files/Rules/Team Interconnection
Process section of the Yahoo Group for more details on the interconnection process.
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ENERGY ANALYSIS RESULTS AND DISCUSSION

1.0 - EXECUTIVE SUMMARY

1.1 - INTRODUCTION

The Empowerhouse team’s Energy Analysis Report is a detailed overview of all the systems in the house that directly
affect energy performance. Each section includes an explanations of the stages of each system design, including the
development, the specific modeling and the assumptions used to predict the overall performance.

This document demonstrates the relationships between the various systems and types of designs used in the Em-
powerhouse. Most importantly, it explains the ways in which the mechanical systems have been integrated into the
architecture and overall feel of the house, while still maintaining highly efficient and reliable operation.

1.2 - FUNCTIONALITY

The Empowerhouse has been designed to function in the peak heating and cooling periods of Washington D.C.. The
house has a planned project afterlife in Deanwood, Washington, D.C. (as part of the team’s partnership with Habi-
tat for Humanity); Hence,efficient performance in theyearly D.C. climate(and not just for the competition month of
September) was a critical factor in the design of the home. Additionally, the home’s mechanical systems have been
designed with a strong emphasis on reliability. This consideration is important for the family living in the house after
the competition (since it will help to minimize future operation and maintenance costs for the house).

1.3 - PASSIVE HOUSE

To meet the efficiency goals the team has set, the house incorporates Passive House principles for energy usage
and system design. Passive Houses are super-insulated and extremely air-tight buildings. Generally, they minimize a
home’s heating load by taking advantage of solar gains (through windows), and internal gains (from people, elec-
tronics, and appliances). Similarly, they minimize a home’s cooling load through the use of strategic glazing orienta-
tion and shading devices. Also, the highly airtight nature of passive houses provide the opportunity to save energy
by recovering heat from exhaust air (by using a heat or energy recovery ventilator) before expelling the air outside.
The team worked closely with passive house consultants in order to ensure the validity of the design. The design
was also presented to Passivhaus Institute US Executive Director Katrin Klingenburg and Passive House founder Dr.
Wolfgang Feist.

2.0 - ENERGY ANALYSIS

2.1 - INTRODUCTION
This section discusses the thermal analysis of the Empowerhouse.

2.2 - ENERGY MODELING

2.2.1 - ENERGY MODELING MOTIVATION

Energy analysis is a critical step in the iterative process of designing an energy efficient home. It is exceptionally
important for the sizing of the Mechanical and Photovoltaic systems. By minimizing heating and cooling loads (via
an iterative design process between engineers and architects), the engineering systems included in the house were
able to be minimized.

2.2.2 - HOUSE DESIGN PHILOSOPHY

Energy efficient performance was an extremely influential design driver for the Empowerhouse. This was a guiding
design philosophy for two main reasons. First of all, optimal performance is critical for the success of the Empow-
erhouse in the measured contests of the Solar Decathlon competition. Second, energy efficient performance will be
very important for the Habitat for Humanity home-owners that will reside in the home after completion of the com-
petition. By minimizing the need for mechanical systems to heat and cool the home, the team was able to design a
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cost-efficient photovoltaic array to eliminate the end-user’s energy costs in the future.

2.3 - DETAILED ENERGY ANALYSIS

2.3.1 - ENERGY ANALYSIS RESULTS AND DISCUSSION

The team conducted a thorough energy analysis throughout the design of the Empowerhouse home using Passive
House Planning Package software. This study had a significant impact on the design of the home, allowing the Em-
powerhouse team to create a cost-effective energy-efficient design.

2.3.2 - ANALYSIS SOFTWARE

The heating and cooling demands were calculated with Passive House Planning Package software (referred to as
PHPP henceforth). PHPP was designed by the Passivhaus Institut for the purpose of helping engineers, designers,
and builders to design homes to Passivhaus energy standards.This software package was used for performing the
energy analysis (despite not aiming to meet Passivhaus standards on the mall) because of the team’s planned after-
life for the project.

2.3.3 - THERMAL DESIGN PARAMETERS
PHPP incorporates a vast amount of inputs in its calculations. Some of this information is listed in the following
figure, though much information was intentionally left out in order to keep this document concise and easy to read.

Critical Thermal Design Parameters

Envelope

Walls (General): [R-41.4

East Wall: R-29.3

Roof (Main): R-62.6

Roof (Periscope):|R-29.6

Floor: R-42.5
Glazing

Type 1: Low Gain

SHGC 0.373

R Value R-2.0

Frame R Value R-1.37

Type 2: High Gain

SHGC 0.53

R Value R-1.67

Frame R Value R-1.37
Mechanical

Mini Split Heating COP of 3.49

Coolin COP of 3.66

Ventilator Overall Efficiency 93%
Occupants

3 Occupants Normal Activity
Climate

Washinton DC

* R-Values in (ft*2 *F hr / Btu)

2.3.4 - BUILDING MASSING

2.3.4.1 - INTRODUCTION
This section discusses the building massing processes that drove the design to its present form. Also, it discusses
the workflow process between the thermal analysis team and the architects.
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2.3.4.2 - FORMER BUILDING MASSING WORKFLOW

Earlier in the project’s life, there was a large downtime between the creation of an envelope massing and the com-
pletion of the corresponding thermal analysis of that massing. This lengthy analysis time was the result of having to
manually change a large amount of information (including wall, roof, floor, and window sizes and orientation) within
the PHPP program for each iteration of the design process. Additionally, inputs had to be thoroughly examined for
accuracy each time since it was very easy to make a mistake when manually adding the plethora of information into
the PHPP program. This was further complicated by the non-visually-intuitive nature of the MS Excel-based PHPP
program, which made it easy to overlook critical inputs.

2.3.4.3 - THERMAL DESIGN WORKFLOW AND 3D INTEGRATION

To speed up the workflow between the architects and thermal analysis team, a 3D interface to PHPP was created.
The 3D interface incorporates the use of the following software: Rhinoceros 4.0 (modeling software), Grasshopper
0.6 (graphical programming add-on), and PHPP. The first step in the process was to create a basic wireframe model
of the house, including all exterior building surfaces and windows. Using code written by the team in Grasshopper,
we were able to begin automatically exporting geometric information from the Rhino model to PHPP. Any modifica-
tions to the Rhino model would then result in Grasshopper automatically updating the appropriate inputs in PHPP.
Using this process, significant reductions in thermal analysis times were achieved. In addition to these time savings,
the use of Rhino and Grasshopper also provided a visual interface to manipulate the PHPP with. The following figure
depicts a Rhino model of the house, after the Grasshopper visualization has been applied.

2.3.5 - CALCULATED ANNUAL HEATING AND COOLING DEMANDS

The following figures display the annual heating and cooling demands for the home. These tables were generated by
the PHPP software package. They incorporate transmission losses, solar losses, and internal heat gains. Notice that
for the month of September, heating demand is zero and cooling demand is 167 kWh. This indicates that September
is a cooling dominated month for the Washington D.C. climate.
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ANNUAL HEATING DEMAND

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Heating Degree Hours -|  16.7 139 13 71 31 -0.6 -2.5 -1.9 11 6.2 101 148 79 kKh
Heating Degree Hours -|  11.6 12.3 13.5 10.7 7.0 24 -1.3 -3.4 -3.1 -0.7 32 7.8 60 kKh
Losses - Exterior 877 731 595 372 162 -30 -133 -98 59 324 528 775 4163 [kwh
Losses - Ground 250 266 291 231 151 53 -28 -73 -66 -15 69 168 1297  [kwh
Sum Spec. Losses 18.1 16.0 142 9.7 5.0 04 2.6 27 -01 4.9 96 151 87.5 |kwh/m?
Solar Gains - North 5 5 8 10 14 16 15 1" 9 7 5 4 110 [kwh
Solar Gains - East 8 9 14 16 18 19 19 17 15 12 8 6 162  [kwh
Solar Gains - South 218 220 224 187 166 156 166 181 213 236 199 195 2362 |kWh
Solar Gains - West 29 35 47 57 68 66 64 61 50 40 28 24 568  [kwh
Solar Gains - Horiz. 0 0 0 0 0 0 0 0 0 0 0 0 0 KWh
Solar Gains - Opaque 37 44 61 70 82 86 84 76 66 54 37 32 729  |kwh
Internal Heat Gains 97 88 97 94 97 94 97 97 94 97 94 97 1148  |kwh
Sum Spec. Gains Solar| 6.3 6.4 72 7.0 71 7.0 72 71 72 7.2 6.0 57 814 |kWhim?
Utilisation Factor 99% 99% 97% 91% 65% 5% 0% 0% 0% 64% 94% 99% 51%
Annual Heat Demand 736 601 448 206 26 0 0 0 0 24 247 589 2878  |kwh
Spec. Heat Demand 11.8 9.6 7.2 3.3 0.4 0.0 0.0 0.0 0.0 0.4 4.0 9.4 46.1  |kwWhim?

ANNUAL COOLING DEMAND

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Heating Degree Hours -|  19.1 16.0 137 93 54 1.6 -0.3 04 33 8.5 123 171 107  |kkh
Heating Degree Hours -| 13.8 14.3 15.7 12.8 9.2 4.6 1.0 -1.1 -0.9 15 53 10.0 86 kKh
Losses - Exterior 903 759 646 441 254 77 -12 19 158 401 583 810 5041 [kwh
Losses - Ground 298 310 339 278 200 99 21 24 -20 33 115 216 1865 |kwh
Losses Summer Ventilal 0 0 0 0 0 0 0 0 0 0 0 0 0 KWh
Sum Spec. Heat Lossey 19.2 171 15.8 115 73 2.8 0.1 -0.1 22 7.0 11.2 16.5 110.7  |kwhim?
Solar Load North 5 6 9 1" 15 17 17 12 10 8 6 5 122 |kwh
Solar Load East 12 14 20 24 27 29 28 25 23 18 12 9 240  |kwh
Solar Load South 215 216 220 184 163 153 163 178 209 232 195 192 2319 |kwh
Solar Load West 36 44 60 Al 85 83 81 78 63 51 35 30 717 |kwh
Solar Load Horiz. 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh
Solar Load Opaque 37 44 61 70 82 86 84 76 66 54 37 32 729  |kwh
Internal Heat Gains 97 88 97 94 97 94 97 97 94 97 94 97 1148  |kwh
Sum Spec. Loads Solar] 6.5 6.6 75 73 75 74 76 75 75 74 6.1 58 84.6  |kwhim?
Utilisation Factor Losses| 33% 38% 46% 60% 83% 99% 100% 100% 100% 84% 53% 35% 50%
Useful Cooling Energy [ 2 4 9 25 93 287 462 472 327 96 12 2 1793 |kwh
Spec. Cooling Demand 0.0 0.1 0.2 0.4 1.5 4.6 74 7.6 5.2 1.5 0.2 0.0 28.7  |kWhim?

2.3.6 - PEAK ANNUAL HEATING AND COOLING LOADS
Peak annual heating and cooling loads were calculated within PHPP to facilitate mechanical equipment selection.
The peak heating load is calculated based on a worst case winter day (in terms of low solar access, cold tempera-
tures, and low internal gains) during the heating period. Similarly, the peak cooling load is calculated based on a

worst case summer day (in terms of high solar gains, high temperatures, high latent loads, and high internal gains).

Based on the PHPP, the peak heating load expected is 1,499 W, and the peak cooling load is 2,320 W.
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3.0 - MECHANICAL SYSTEM

3.1 - INTRODUCTION
This section discusses the mechanical systems of the Empowerhouse.

3.2 - VENTILATION DESIGN

After considering many types of ventilators, the team decided to incorporate an energy recovery ventilator into the
design of the house. The device acts as a non-mixing heat exchanger between the exhaust air and the supply air,
thereby improving the efficiency of an already efficient home.

The team decided on the Comfoair 200, a product from Zehnder, to ventilate the house. The specifications of the
model met the houses needs and the company will act as a sponsor. In addition, the Comfoair 200 was easy to inte-
grate into the HVAC system.

The Comfoair 200 has height, width and depth dimensions as roughly 47.2 in, 21.1in, and 12.4 in, respectively. Fur-
thermore, the model can be mounted on a wall or ceiling adding a degree of versatility when designing the mechan-
ical room. The installation requirements are few and the unit installation will be within the abilities of the team.

The heat recovery efficiency of the unit has been rated at 93% sensible and offers variable volumetric flow rates
ranging from 12cfm to 150cfm. This range corresponds well with the passive house adjusted requirement of 71cfm. A
variety of flow rates can be achieved through the use of individually programmable 1% increments.

The HVAC system has been designed to allow for easy installation as well as an efficient use of the allotted hous-
ing space. For this reason the team has chosen to integrate the heating and cooling device with the Comfoair 200.
The Zehnder unit will be placed within the Mechanical room where air will be drawn from the outside and flows
through a heat exchanger. Upon exiting the ERV, the supply duct will combine with the return of the air handler,
mounted within the ceiling above the front hall.

The ducts will then be distributed throughout the house to the necessary living spaces. A return duct into the Mit-
subishi minisplit will be placed near the south side of the living room. Bathroom and kitchen exhaust will run within
the same duct and enter into the MVHR to complete the heat recovery before being exhausted outside.

To avoid any excessive moisture problems as a result of showering, the bath tub will be enclosed and a direct
exhaust fan will be placed above the tub. The bath exhaust will have a humidity sensor to detect excess levels of
humidity, which will have a value preset by the user, and will turn on when the shower space reaches the designated
level of humidity. The strategy of the ducting scheme is to develop a simple yet effective design using commonly
available sizes with a minimum of custom made sections.

3.3 - MINI SPLIT DESIGN

3.3.1 INTRODUCTION

As the home design emphasizes passive energy conservation strategies, only a minimal active unit is required to
meet the heating and cooling demand of the house. The particular model chosen is the Mitsubishi SEZ-KD12NA and
SUZ-KA12NA units. These were chosen because their capacities most closely matched the calculated maximum
heating and cooling loads of the house.

After thorough research and analyzing different models of ducted and ductless mini splits, the team has selected
the ducted Mitsubishi heat pump model: SEZ-KD12NA & SUZ-KA12NA. Models from companies such as Fujitsu, San-
yo, Mitsubishi, Daiken, etc. were thoroughly scrutinized, and the models’ specifications were compared, as shown
in the next page. In the case of ductless and ducted mini split heat pumps, the team decided to chose a one-zone/
singe zone indoor unit, since the Solar Decathlon house will require a unit with a low heating and cooling capacity.
The diagram below shows the peak heating and cooling loads of the house, which was calculated using the Passive
House Design Package.
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Peak heating loads: 7310 Btu/h obtained from PHPP
Peak cooling loads: 11310 Btu/h (Passive House Design Package)

3.3.2 DUCTLESS MINI SPLIT ANALYSIS

The following few pages compare all the possible candidates for ductless mini splits, with respect to cost, COP (co-
efficient of performance) heating/cooling efficiencies, and whether or not the models can satisfy the peak heating/
cooling capacities of the Solar Decathlon house.

The table displayed on the next page is a compilation of the data found on a large variety of different types of mini
split systems. Having the information readily available and easy to understand made the subsequent steps of find-
ing the correct model for this particular situation much simpler. The models were quickly narrowed down based on
efficiency and capacity, the two main factors in the mechanical system design of this house. All the other details
included in the table were utilized in finding the minor differences between the few that would work for this ap-
plication. These few models were then graphed based on a few different factors, like cost and efficiency. This visual
representation is shown later in the report, and represents quite well the differences in the models that, in a table,
look extremely similar.
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The graph above compares all ductless heat pump models heating/cooling capacities with the Solar Decathlon-
house. The peak capacities of the house were calculated using the PHPP model. From this graph, it can be visually
noticeable which models are below the house peak requirements. These models are circled in black to denote its
insufficient capacities, and thus are eliminated, from the pool of possibilities.
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The mini split model numbered above corresponds to the models listed below. The dots directly above each other
are from the same model heat pump. The two numbers refer to values of COP values and costs.
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3.3.3 DUCTED MINI SPLIT ANALYSIS

After analyzing the cut sheets of all the applicable ducted mini splits, the team chose the Mitsubishi SUZ-K129NA
(outdoor) & SEZ-KD12NA (indoor) model. It is known that ducted mini splits lose heat through ducting, and thus
have a lower SEER and HSPF efficiency rating than ductless mini splits. So, it is critical to choose a ducted mini split
that has the highest efficiency rating. Aside from static pressure, and assuming that the heat pump meets the heat-
ing/cooling capacity, the efficiency criterion is the top factor to consider. The chosen Mitsubishi model by far has
the highest efficiency in the market for single zone ducted mini splits that would satisfy the house’s heating/cooling
capacity, without over-sizing it. Cost is also another major criteria, but unlike the ductless mini split which has three
different types of models to choose from, the ducted mini splits has only one type of model: concealed ceiling duct.
So, the prices for most of these ducted heat pumps will be relatively similar to each other.

Component Capacity (Btu/hr) Efficiency SHF Max Power (W)

Manufacturer Outdoor Indoor Heating | Cooling | SEER | HSPF Heating | Cooling
SuUz- SEZ-

KAO9NA KDO9NA 8100 10900 15 10 0.76 1020 670
SEZ-

Mitsubishi | SUZ-K129NA KD12NA 11500 13600 16 10 0.76 1140 920
FDXS-

RXS-09DVIU 09DVIU 8500 10000 13 7.7

FDXS-

Daikin RXS-12DVIU 12DVJU 11500 11500 13 7.7 0.66 960 1290

Sanyo* CHDX09053 UHX1252 107500 95500 - - 105 109

3.4 Mini Split Ventilator Integration

The purpose of conducting the following analysis was to ensure that the combination of both the Energy Recov-
ery Ventilator (ERV) and the Mini-Split Heat Pump along the same duct path would achieve the necessary healthy
indoor conditions. Passive House Planning Package (PHPP), software being used to model the loads on the house
under different climate scenarios, along with the ASHRAE 2009 manual provided the values and methodology for
calculating the cooling loads. These values were compared to the capacities obtained from the manufacturers at
the specific conditions.

The overall examination stemmed from the fundamentals of heating and cooling found in the ASHRAE manual.

A basic understanding of psychrometrics was necessary to locate the moist air states in the system and the transfer
of sensible and latent loads. The sensible and latent loads of the system were calculated to determine whether the
specifications of the Mini-Split could handle humid conditions and if not, the analysis would determine an equilib-
rium state for the final indoor temperature based on the limitations of the system.

Evaluating the system’s viability utilized the cooling capacities for the Mini-Split under the specified conditions of
an outdoor dry bulb 83.30F and a humidity ratio of 0.0194 lb/lb. From these values a suitable Sensible Heat Frac-
tion (SHF) was obtained and could be compared to the SHF of the house during an overcast day with the ASHRAE
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specified climate. The SHF for the Mini-Split was obtained by dividing the Sensible Heat Capacity (SHC) by the Total
Capacity (CA) and the resulting value was 0.669. Since the data used was from a previous model with a larger SHF,
the number was multiplied by the fractional difference of the values. The adjusted SHF emerged as 0.66 and this
was compared to the home’s value computed by summing the sensible loads and dividing them by the total loads
(sensible and latent), where the value obtained was 0.64

Internal Load Calculations

TDryBulb (F) |w (lb/lb) |T Wet Bulb (F)
Indoor 75.00 0.0120 66.5 ASHRAE Dehumidification factor
Outdoor 83.30 0.0194 77.8
ERV to MS 76.16 0.0147 70.4
Return Air 75.32 0.0128 67.5 187.5
428.1
Watts Btu/hr
BTU/hr BTU/hr Sensible  [Sensible
Sensible Latent Envelope 187.5| 639.776556
Envelope 640|- Solar 428.1| 1460.73783
Solar 438|-
Ventilation 89 927.28 [ Weather Factor | 0.3|overcast
Infiltration 75 294.74
Internal 1478 303.40
Total 2719 1525.42 6330.665 8546.95 8435.950649 2473.8858 4236.05
12783 12616.98701 3699.9962
[SHF 0.6406| 4244.61 0.66861848 0.987012987 0.6599351
47.85704545
86.43351906
0.0008 kg/kg 572 1950.52  975.26
256 cfm 433.431085 1478
0.12032 m”3/s 88.97360704
9.13671E-05 kg/s
0.328921416 kg/hr
Required 0.695 pints/hr Max 2.4pints /hr
Moisture Removal (Pints/hr)
Aw (Ib/1b) Q (cfm) Required Limitation
0.0008 256 0.695 2.4
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3.5 Hiot Water System Sabaction

The hot water gystem selaction was based on seweral critera though cost and performance was the chisfcon-
cam. Approximately sight systems, have of which were solar tharmal, the other, haat pump water heaters wers
cormparad. Using Habitat for Humanlty's 3o vear, Interast fres mortgage as a metric, the systems ware avalusted.
& "raal” Increase of the cost of end uss electrictty of 2% par KWh and a 3% Inflation rate was usad. The alsctric-
Ity consumption and Initial cost annuallzed oeer 30 years was antered and the results compared. The results show
slmilar costs for solar tharmal systems compared to the heat pump water heatars. Given this, secondary criteria
wara usad as A baske for selection. Eass of uss, user maintenanca, product warranty and sponsorship potentlal
wara compared for sach of the lowsst cost systams. The Alrgenerate parformed best for both primarny and sscond-
ary criteria and was selacted for use in the compstition.

Solar Thermal s Eolar Electric fnalysis
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4.0 - ELECTRICAL 5YSTEM

4.2 - APPLIAMCES

The main objactive of the appllanca salection is to chooss the appropriate appliance that will best fit the neads of

thie inhabitants whils maintaining eficiency and low snergy consumption. & refrigerator, washer, dryer and dish-

wathar, oven rangs wers chosen based on performancs, homsbullder client svallability, and affordabilty. & stacked clothas
washar and condsnsing dryer (Bosch modals WaSzo16oUC and WTCE2n0oUS respactivaly] was chagen for compact sfze and
afficlancy. The absencs of & dryar duct reducee the number of anvelops penstrations, decreasing energy losses dus to
Irfiltration and exfiltration. The Whirlpool Top Freezer Refrigarator, model WETXEWRWE, |2 an attractive rafrigerator that
prowides useable storags wolume and efficiency with a falr price. Thiz refrigerator consumas about 3e4 kéh yearly, which s a
compatitve afflclancy rating.
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4.3 - CALCULATED ELECTRICITY DEHAND AND DISTRIBUTION

The monthly electricity demand was cal culated within PHPP to facilitate Photowo talc army sEIng. For the pur-
poses of this analysls elactrical demand dus to Domastic Hot Watar, Lghting, and plug loads are assumead to be

congtant monthly values based on constant use schadulas. The heating and cooling slectrical demand |s based on
the expectad haating and cooling demands and the systams respective cosfflzlents of performance. The following
ilugtration daplcts the projectad monthily slactricity damand for the housa.

Elactrical Demand Table
Projectid Moathly Bloctrical Demnand (KWh)
Jan. | Feb. |March| April | May | June | July | Aug. | Sept. | Oct | Mo, | Dec | Avp
Heating and Cooling | 164 | 126 | 77 20 7 43 x| 6% | 3% | 4 | 20 | 128 ] &
Domestic HotWates | 14B | 148 | 148 | a8 | W8 | 148 | 148 | 148 | 148 | 140 | 186 | W6 | B
Lighting 25 5 25 2 % 25 25 75 25 75 5 5 5
Othar Elscirical 154 [ 154 | 164 | 154 | 164 | 54 [ 184 | 154 | 184 | 154 | 154 | 164 | 184 |
|Total Domand A81 | 454 | 404 | 347 | 336 | 370 | 400 | 386 | 363 | 331 | 367 | 486 | 363
October
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Dileplaysd abows are the estimated elactrical loads for the months of January and Gctabear. It 1= svidant that the
power usad to run the systams In the housa 2 distributad differantly depending on the time of vear. Thesa estimates
ware obtained by using historical data for the Washington DC reglon and this knowledge to the curment systems uti-
lizesd in tha housa. Becausa of this great diferantiation betwesan the electricity distributions the conbrol systam must
bis highly In tune with the damands of tha houzs. it 13 also notabls to mention that in the manth of January, only
33%b of the antire elactrical load Is golng towards running the heating/coollng system. This I the highest parcent-
age of the total powar per month that goss to heating durdng any month of the year. This = malnly due to the use of
Pasghes Houge technlques In order to dacraasss the nesd foran excessive amount of mechanical heating or cooling.

4.4 - SOLAR ENERGY COLLECTION

441 - PV ARRAY DEBIGH
The daslgn goal of the array system was to ganarats as closs to nat zero anergy balance as possibls with & slmpls ballasted array
configuration and the smallast number of low cost, high efficiency modules. Working with the design of the housa, an array

gystarn was implamented to provide the necassary AC anergy demand and conform to the ovarall roof design and shading
canditions.

Using the PHPP modeling package, & monthly energy damand in BWh was projectsd. From the PHPP demand preditions, ensrgy
demands for the timaframe of the com patition and annual demands were calculated. The uss of HREL's Pywatts w1 was
implamentad to reverse calculate a DC rating required to mest the AC enargy cutput.

From tha calculations, the ¥ingll Panda 260 moduls was selected for its high cell and modules efficiency. The array i designed to
allow 16 modules ta be Installsd In & ballasted racking systam. The paak DC power rating for thea array ls 42088, Perfarmance data
will be collected and analyzed.

4.4.2 - INVERTER

The invartar that was selacted was the Fronlus g1oo for ks efficiency of 63% and has a largs enough

capacity for our array. With an exten ded warmanty of 25 years, it allows for long vse with Little mainbenance and raplacemant
nisade Two strings will be run from the invarter ta & total of elght modulss per string. The Irvertar and array degign wara
ewaluated to run properly under the extreme temparaturas of Washington DO without fallure.
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4.5 - FIRE SUPPRESSION

4.5 - FIRE BLIPREESIDN

The spreadshests balow include the breakdawn of calculations for the sizing of the fire supprassion systam. In addi-
ton, coda related regulations and notes are Included below to clarfy the assumptions made. The methodology 15 &
gtralght foweard application of the code requiramants of the IRC P2gog on slzing & fire sprinkler systam.

Codas p E32-543 of IRC P 2904

Sprinkler temp rating =135degk 257degl

Sprinkler temp rating =] FldegF =7 Tdeg

Intermediate Sprinklar tamp rafing =17 5degl *T9degC

Irbesr i ediate Sarinkler temp rating =2 35degF =107 degl

sprinkiercoverage <alisnft

sup ply niFma Tmin

pips size to sprinkler = 3/4"

spainkler adaptar »0.5"

Prossure Supply 43 Psi

Ewceptions P29, 1.1

1) Arrics Bocraw| spacess normally unscoupied with no fuel fired appliances

Escepticns for sprinklers

Bathranms <55 sqft 5.1 sqm
Cinseti <24 agft 1.7 sgm
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