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Caution: Photovoltaic system performance
predictions calculated by PVWatts®
include many inherent assumptions and
uncertainties and do not reflect variations
between PV technologies nor site-specific
characteristics except as represented by
PVWatts® inputs. For example, PV
modules with better performance are not
differentiated within PVWatts® from
lesser performing modules. Both NREL
and private companies provide more
sophisticated PV modeling tools (such as
the System Advisor Model at
http://sam.nrel.gov) that allow for more
precise and complex modeling of PV
systems.

The expected range is based on 30 years
of actual weather data at the given
location and is intended to provide an
indication of the variation you might see.
For more information, please refer to this
NREL report: The Error Report.

 

Disclaimer: The PVWatts® Model
("Model") is provided by the National
Renewable Energy Laboratory ("NREL"),
which is operated by the Alliance for
Sustainable Energy, LLC ("Alliance") for
the U.S. Department Of Energy ("DOE")
and may be used for any purpose
whatsoever.

The names DOE/NREL/ALLIANCE shall not
be used in any representation,
advertising, publicity or other manner
whatsoever to endorse or promote any
entity that adopts or uses the Model.
DOE/NREL/ALLIANCE shall not provide

any support, consulting, training or
assistance of any kind with regard to the
use of the Model or any updates,
revisions or new versions of the Model.

YOU AGREE TO INDEMNIFY
DOE/NREL/ALLIANCE, AND ITS
AFFILIATES, OFFICERS, AGENTS, AND
EMPLOYEES AGAINST ANY CLAIM OR
DEMAND, INCLUDING REASONABLE
ATTORNEYS' FEES, RELATED TO YOUR
USE, RELIANCE, OR ADOPTION OF THE
MODEL FOR ANY PURPOSE WHATSOEVER.
THE MODEL IS PROVIDED BY
DOE/NREL/ALLIANCE "AS IS" AND ANY
EXPRESS OR IMPLIED WARRANTIES,
INCLUDING BUT NOT LIMITED TO THE
IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE ARE EXPRESSLY
DISCLAIMED. IN NO EVENT SHALL
DOE/NREL/ALLIANCE BE LIABLE FOR ANY
SPECIAL, INDIRECT OR CONSEQUENTIAL
DAMAGES OR ANY DAMAGES
WHATSOEVER, INCLUDING BUT NOT
LIMITED TO CLAIMS ASSOCIATED WITH
THE LOSS OF DATA OR PROFITS, WHICH
MAY RESULT FROM ANY ACTION IN
CONTRACT, NEGLIGENCE OR OTHER
TORTIOUS CLAIM THAT ARISES OUT OF
OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THE MODEL.

The energy output range is based on
analysis of 30 years of historical weather
data for nearby , and is intended to
provide an indication of the possible
interannual variability in generation for a
Fixed (open rack) PV system at this
location.

7,863 kWh per Year *RESULTS

System output may range from 7,628 to 8,099kWh per year near this location. 

Month Solar Radiation
( kWh / m2 / day )

AC Energy
( kWh )

Energy Value
( $ )

January 4.96 583 274

February 5.55 591 278

March 5.88 687 323

April 5.81 659 310

May 6.05 705 332

June 5.97 672 316

July 6.07 705 331

August 6.29 726 341

September 6.41 716 336

October 5.69 666 313

November 5.12 582 274

December 4.87 572 269

Annual 5.72 7,864 $ 3,697

Location and Station Identification

Requested Location 61-541 Pohaku Loa Way, Haleiwa, HI 96712

Weather Data Source (TMY2) HONOLULU, HI  23 mi

Latitude 21.33° N

Longitude 157.92° W

PV System Specifications (Residential)

DC System Size 5 kW

Module Type Standard

Array Type Fixed (roof mount)

Array Tilt 20°

Array Azimuth 180°

System Losses 14%

Inverter Efficiency 96%

DC to AC Size Ratio 1.1

Economics

Average Cost of Electricity Purchased 
from Utility 0.47 $/kWh

Performance Metrics

Capacity Factor 18.0%

Energy 
Calculations
KO



Dimensions: 38 x 21 �.
Area: 798 sq. �.
Scale: 1/4” = 1’00”  

Cross-sections and Floor Plan



Exterior Elevations



All drawings, specifications, plans, ideas, arrangements, and design represented or referred to are the property of and owned by SHADE Group, LLC whether the project for which they are made is executed or not. They were created, evolved, developed and produced for the sole use of and in connection with this projects and non of the above may be disclosed or given to or used by any person, firm, or corporation for any use or purpose 
whatsoever including any other project except upon written permission of SHADE Group, LLC.

PRECEDENT
STUDY

Advanced Modular 
Dwelling Unit

Maria Petrova
07/26/2016 DRAFT
Sheet 1 of 7

TROPICAL VERNACULAR ARCHITECTURE - Malay House

NOTES:

light timber structure

palm leaves

woven bamboo floor

stone base

wind travels through the interior

lift-up structure allows extra airflow 

roof joints create
gaps for air 
circulation

high-pitched roof allows 
the hot air to raize keeping 
the floor area cool



All drawings, specifications, plans, ideas, arrangements, and design represented or referred to are the property of and owned by SHADE Group, LLC whether the project for which they are made is executed or not. They were created, evolved, developed and produced for the sole use of and in connection with this projects and non of the above may be disclosed or given to or used by any person, firm, or corporation for any use or purpose 
whatsoever including any other project except upon written permission of SHADE Group, LLC.

CONTEMPORARY SUSTAINABLE HOMES - Iseami House / Robles Arquitectos PRECEDENT
STUDY 

Advanced Modular 
Dwelling Unit

Maria Petrova
07/26/2016 DRAFT
Sheet 2 of 7

NOTES:

SOURCE:

Iseami House 
Robles Arquitectos
Costa Rica - 2010
100% Self Sufficient - Iseami 
House is equipped with its own 
natural water source and solar 
power generator. Primary building 
materials include structural steel, 
thermal panels and recycled 
glass and plastics. Pre-fabricated 
structure also incorporates 
extended eaves, natural cross-
ventilation and secondary 
envelope made out of recycled 
louvers.

http://www.archdaily.com/72349/
iseami-house-robles-arquitectos



All drawings, specifications, plans, ideas, arrangements, and design represented or referred to are the property of and owned by SHADE Group, LLC whether the project for which they are made is executed or not. They were created, evolved, developed and produced for the sole use of and in connection with this projects and non of the above may be disclosed or given to or used by any person, firm, or corporation for any use or purpose 
whatsoever including any other project except upon written permission of SHADE Group, LLC.

COMPACT HOME - KN House / 
Adrei-studio Architecture

COMPACT HOME - Portable House 
ÁPH80 / Ábaton Arquitectura

PRECEDENT
STUDY 

Advanced Modular 
Dwelling Unit

Maria Petrova
07/26/2016 DRAFT
Sheet 3 of 7

NOTES:

SOURCE:

KN House 
Adrei-studio Architecture
Vietnam

Portable Home ÁPH80
Ábaton Arquitectura
Spain - 2013
27.0 sqm

http://www.archdaily.com/416817/
kn-house-adrei-studio-
architecture

http://www.archdaily.com/420623/
portable-house-aph80-abaton-
arquitectura



All drawings, specifications, plans, ideas, arrangements, and design represented or referred to are the property of and owned by SHADE Group, LLC whether the project for which they are made is executed or not. They were created, evolved, developed and produced for the sole use of and in connection with this projects and non of the above may be disclosed or given to or used by any person, firm, or corporation for any use or purpose 
whatsoever including any other project except upon written permission of SHADE Group, LLC.

MODULAR BUILDING STRUCTURE - 
The Stack / GLUCK+

PRECEDENT
STUDY 

Advanced Modular 
Dwelling Unit

Maria Petrova
07/26/2016 DRAFT
Sheet 4 of 7

NOTES:

SOURCE:

The Stack 
GLUCK+
New York, NY

Peninsula Shift
Method homes
Port Orchard, WA - 2013

http://www.archdaily.com/72349/
iseami-house-robles-arquitectos

MODULAR BUILDING STRUCTURE - 
Peninsula Shift / Method Homes



All drawings, specifications, plans, ideas, arrangements, and design represented or referred to are the property of and owned by SHADE Group, LLC whether the project for which they are made is executed or not. They were created, evolved, developed and produced for the sole use of and in connection with this projects and non of the above may be disclosed or given to or used by any person, firm, or corporation for any use or purpose 
whatsoever including any other project except upon written permission of SHADE Group, LLC.

MODULE 
DEVELOPMENT

Advanced Modular 
Dwelling Unit

Maria Petrova
08/01/2016 DRAFT
Sheet 5 of 7

Module Steel Structure Add-ons

Projecting Pitched Roof

Back Porch

36’

430 sq
 ft’

12’

12’

Rased Foundation

Entrance Porch

Shading Screen

Agglomeration Strategy 1 Agglomeration Strategy 2



All drawings, specifications, plans, ideas, arrangements, and design represented or referred to are the property of and owned by SHADE Group, LLC whether the project for which they are made is executed or not. They were created, evolved, developed and produced for the sole use of and in connection with this projects and non of the above may be disclosed or given to or used by any person, firm, or corporation for any use or purpose 
whatsoever including any other project except upon written permission of SHADE Group, LLC.

FarmBot CNC Farming 
Machine

Natural Cross-Ventilation

DOCUMENTATION

Advanced Modular 
Dwelling Unit

Maria Petrova
08/01/2016 DRAFT
Sheet 6 of 7

SOURCE:

Photo Voltaic Panels

Louvered Shade System

Whole House Fan 

Projecting Eaves

Hybrid Water Heater

Sony Fortelion Energy 
Storage System

Space For Air Circulation

Solar-Powered
Electrochemical Toilet

http://www.archdaily.com/72349/
iseami-house-robles-arquitectos



All drawings, specifications, plans, ideas, arrangements, and design represented or referred to are the property of and owned by SHADE Group, LLC whether the project for which they are made is executed or not. They were created, evolved, developed and produced for the sole use of and in connection with this projects and non of the above may be disclosed or given to or used by any person, firm, or corporation for any use or purpose 
whatsoever including any other project except upon written permission of SHADE Group, LLC.

ELEVATIONS

Advanced Modular 
Dwelling Unit

Maria Petrova
08/01/2016 DRAFT
Sheet X of XX

South Elevation

North Elevation

East Elevation

West Elevation



All drawings, specifications, plans, ideas, arrangements, and design represented or referred to are the property of and owned by SHADE Group, LLC whether the project for which they are made is executed or not. They were created, evolved, developed and produced for the sole use of and in connection with this projects and non of the above may be disclosed or given to or used by any person, firm, or corporation for any use or purpose whatsoever including any other project 
except upon written permission of SHADE Group, LLC.

TRAYS / Naf Architect & 
Design 



All drawings, specifications, plans, ideas, arrangements, and design represented or referred to are the property of and owned by SHADE Group, LLC whether the project for which they are made is executed or not. They were created, evolved, developed and produced for the sole use of and in connection with this projects and non of the above may be disclosed or given to or used by any person, firm, or corporation for any use or purpose whatsoever including any other project 
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House B10 / Werner Sobek 
Group 



All drawings, specifications, plans, ideas, arrangements, and design represented or referred to are the property of and owned by SHADE Group, LLC whether the project for which they are made is executed or not. They were created, evolved, developed and produced for the sole use of and in connection with this projects and non of the above may be disclosed or given to or used by any person, firm, or corporation for any use or purpose whatsoever including any other project 
except upon written permission of SHADE Group, LLC.

https://www.pinterest.com/
pin/164803667584032927/

http://webecoist.momtastic.com/greeneducationfoundation.org 

tinyhousepins.com 



All drawings, specifications, plans, ideas, arrangements, and design represented or referred to are the property of and owned by SHADE Group, LLC whether the project for which they are made is executed or not. They were created, evolved, developed and produced for the sole use of and in connection with this projects and non of the above may be disclosed or given to or used by any person, firm, or corporation for any use or purpose whatsoever including any other project 
except upon written permission of SHADE Group, LLC.

http://www.superiorwalls.com

http://www.superiorwalls.com

http://www.alibaba.com



All drawings, specifications, plans, ideas, arrangements, and design represented or referred to are the property of and owned by SHADE Group, LLC whether the project for which they are made is executed or not. They were created, evolved, developed and produced for the sole use of and in connection with this projects and non of the above may be disclosed or given to or used by any person, firm, or corporation for any use or purpose whatsoever including any other project 
except upon written permission of SHADE Group, LLC.

https://www.teslamotors.com/powerwall

Quiet cool whole house fan

Solar powered skylight

http://www.alibaba.com
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http://pvwatts.nrel.gov/pvwatts.php

Solar energy production - SolarCity

http://pvwatts.nrel.gov/pvwatts.php



All drawings, specifications, plans, ideas, arrangements, and design represented or referred to are the property of and owned by SHADE Group, LLC whether the project for which they are made is executed or not. They were created, evolved, developed and produced for the sole use of and in connection with this projects and non of the above may be disclosed or given to or used by any person, firm, or corporation for any use or purpose whatsoever including any other project 
except upon written permission of SHADE Group, LLC.

NAME : Regina Amirova

Floor plan 
Scale: 1/4” = 1’-00”
08/01/2016

storage under the stairs

open deck 



All drawings, specifications, plans, ideas, arrangements, and design represented or referred to are the property of and owned by SHADE Group, LLC whether the project for which they are made is executed or not. They were created, evolved, developed and produced for the sole use of and in connection with this projects and non of the above may be disclosed or given to or used by any person, firm, or corporation for any use or purpose whatsoever including any other project 
except upon written permission of SHADE Group, LLC.

NAME : Regina Amirova

Section cut plan 
Scale: 1/4” = 1’-00”
08/01/2016

grey water utilization

tesla powerwall

shared wall with kitchen

louve window

double hight ceiling



All drawings, specifications, plans, ideas, arrangements, and design represented or referred to are the property of and owned by SHADE Group, LLC whether the project for which they are made is executed or not. They were created, evolved, developed and produced for the sole use of and in connection with this projects and non of the above may be disclosed or given to or used by any person, firm, or corporation for any use or purpose whatsoever including any other project 
except upon written permission of SHADE Group, LLC.

dsc cell window

shaded space

quiet cool whole house fan

solar powered skylight 

19’-00”

26’-6”
21’-00”

NAME : Regina Amirova

Elevation
Scale: 1/4” = 1’-00”
08/01/2016



All drawings, specifications, plans, ideas, arrangements, and design represented or referred to are the property of and owned by SHADE Group, LLC whether the project for which they are made is executed or not. They were created, evolved, developed and produced for the sole use of and in connection with this projects and non of the above may be disclosed or given to or used by any person, firm, or corporation for any use or purpose whatsoever including any other project 
except upon written permission of SHADE Group, LLC.

NAME : Regina Amirova

Elevation
Scale: 1/4” = 1’-00”
08/01/2016

solar powered skylight 

5’
-0

0”

21
’-0

0”8’
-0

0”
8’

-0
0”
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NAME : Regina Amirova

Elevation and floor plan of an agglomerated unit set  
Scale: 1/4” = 1’-00”
08/01/2016



All drawings, specifications, plans, ideas, arrangements, and design represented or referred to are the property of and owned by SHADE Group, LLC whether the project for which they are made is executed or not. They were created, evolved, developed and produced for the sole use of and in connection with this projects and non of the above may be disclosed or given to or used by any person, firm, or corporation for any use or purpose whatsoever including any other project 
except upon written permission of SHADE Group, LLC.

NAME : Regina Amirova
08/01/2016



Advanced Modular Dwelling Unit

A M D U

Austin Chun



Research
Solar Panels

-MIT developed solar panels which track sun
-Autonomous hydraulic lift awnings

Rainwater Collection

-RainHarvest systems collect and purify rainwater

Ventillation

-Whole House Fans

Water Heater

-Sunbandit water heater for off-grid solution



Precedent

Schweiss Bifold Door
Long Island, New York

Hawaii Preparatory Academy Lab
Kamuela, Hawaii

Nakagin Capsule Towers
Tokyo, Japan



Overview

Gross Area: ~600 sq ft.

Building Materials: wood, tempered glass, treated steel cladding

Special Mechanical Compliance: hydraulic lift, water filtration

Building Code: attached to single family residence

Source: Oregon ADU Building Codes; www.portlandoregon.gove



Floor Plan



Elevation



Cross Section



Agglomerative Diagram



ADVANCED MODULAR 
DWELLING UNIT PROJECT

08/01/2016 Monday Presentation
Breeanna Garcia



PRECEDENTS

ADVANCED 
MODULAR 
DWELLING UNIT

08/01/2016 9:00 Presentation
Breeanna Garcia

Taliesin Design/Build Studio, J. Siegal, M.P. Johnson Design

Jean Pouve Tropical House 1950’s, Architectural Installation



AXONOMETRIC
KIT OF PARTS

ADVANCED 
MODULAR 
DWELLING UNIT

08/01/2016 9:00 Presentation
Breeanna Garcia

Wind Farm 

ROOF PANEL 
OPTIONS:

Herb Garden/
Green Roof

Skylight + Window

Solar Panels

Can be used when ADMU 
is placed near the coastline 

or in higher wind areas  to 
generate extra power

  

Provide extra insulation 
and can generate personal 

food source

Panel can be flipped 
different ways specific to 

ADMU location and allows 
for passive ventilation

  

Generate off grid power 
(more panels or all can 

also be put on land near 
ADMU)

  

Rigid Front 
Panel

WALL PANEL OPTIONS

STEEL FRAME

RIGID WALL



ELEVATIONS

ADVANCED 
MODULAR 
DWELLING UNIT

08/01/2016 9:00 Presentation
Breeanna Garcia

SCALE : 1’ - 0” = 1/8”

NORTH ELEVATION

SOUTH ELEVATION

EAST ELEVATION

WEST ELEVATION



PLANS

ADVANCED 
MODULAR 
DWELLING UNIT

08/01/2016 9:00 Presentation
Breeanna Garcia

SCALE : 1’ - 0” = 1/4”

BOTTOM LEVEL

UPPER LEVEL

1 2
3

7

6

5

4
1

2
3
4
5
6

7

Sunverge Battery 
Storage/Inverter
Sunbandit Water Heater
Caltech Toilet
Plumbing Walls
Detachable Porch Space
Movable Ladder (Access 
to loft and access to 
storage)
Loft Space 

Plan Key 



CROSS SECTION

ADVANCED 
MODULAR 
DWELLING UNIT

08/01/2016 9:00 Presentation
Breeanna Garcia

SCALE : 1’ - 0” = 1/4”
Louvers Used for Passive

Cross Ventilation

Steel Framing with 
Insertable/Interchangable 

Insulated Panels

Raised Steel and Concrete 
Pad Foundation (detatches 
when AMDU is transported)

Approx. 3ft Open Space to Allow 
Air Passage and Water Flow

Toilet Compartments 
(Septic Holding Tank and 

Decontaminated Water)
Rainwater Hog Tank

Rainwater Gutter System

Skylight/Roof Window for Heat to 
Escape

Battery/Inverter



ADVANCED 
MODULAR 
DWELLING UNIT

08/01/2016 9:00 Presentation
Breeanna Garcia

AGGLOMERATED
UNIT 

MODULAR ROOF PLAN AND 
INTERLOCKING AXONOMETRIC



Precedents



The tesla battery is used to store energy converted by the sun from solar panels to power the house. The tesla battery can hold 6 kW. Solar panels are a higher e�ciency than the standard. Building integrated
photovoltaics is used in conjunction with the standard solar panel to create a more attractive look and skylight over the stairw

Photovoltaic System



Based on Caltech’s solar-powered toilet, this house model utilizes solar power to treat and �lter toilet water and convert human waste into hydrogen and water by means of chemical reactions

Sanitation



Greywater Irrigation �lters water from the the bathroom , laundry and other run o� so that it is suitable for plant irrigation. House plans include a storage tank for greywater to be stored and �ltered 
for the planters that line the loft and lower level balcony.

Growing food from the house helps decrease harmful carbon emissions that result from transporting produce. This is especially important in an area where 90% of produce is imported. 

Greywater Irrigation 



8ft

7ft

16ft26 ft



Watershed from the roof �ows to rain catch at 
front of the house this connects to the water
storage tank underneath the house

Classic Metal Roof Co.
~95% recycled metal
~withstands harsh weather 
conditions
~ little maintenance required
~can fully recycled

Semi-Transparent Solar 
Panels provide a more 
attractive option and 
allows a skylight over
the stairwell.

Tank  for greywater and rainwater storage
and puri�cation.

Lofted Bedroom

9.5 ft

Bathroom model based 
on Cal Tech’s toilet undergoes
puri�cation seperately before
being stored in the water tank

Under Layer

Floors are made from 
recycled cork which is a 
long lasting material that 
needs little maintenance

water heater

Pull-out storage
underneath stairs

Planters irrigated by 
grey-water recycling system

House suspended by concrete feet, 
this makes the house more resilient
to �ooding. 



ADMU Project Proposal
Ann Motonaga, July 30, 1026



 Inspiration
 Ma-nu-o-ku
 official bird of Honolulu, a white ferry tern

   a d a p t a b l e
  
  r e u s a b l e   

m o d u l a r
  
    s c a l a b l e  
 
  r e p e a t a b l e   

n o t - s i t e - s p e c i f i c
 

s i m p l e 

     s t u r d y   

m i n i m a l

n a t u r a l  m a t e r i a l s



Project Considerations

- Account for tropical climate characteristics such as heat and humidity

- Allow for outdoor lifestyle - porches and lanais that allow people to be outside with shelter from 
the elements

- Seperate laundry facilities to keep moisture and heat from the main living area

- Orient the long axis of the building on the east / west axis

- Use overhangs to reduce solar incidence and provide shade

- Limit openings on the east / west sides of the house; insulate these walls

- Insulate the roof / attic area with materials that do not absorb moisture

- Add vents to allow the hot air to escape

- Slope ceilings or high ceilings



Photo credit:  Johnson Architecture Photo credit:  Blu Homes

Photo credit:  Nev House (Nev Hyman) Photo credit:  New York Times (Fernando & Humberto Campana)



Solar incidence study

Pros:  
- does not block views
- provides protection from the rain

Cons:  
- may a�ect connection points with 
multiple units

Pros:  
- higher reduction in solar raditation
- aesthetically pleasing

Cons:  
- during high winds there is risk of 
falling trees
- trees may act as wind barrier, blocking 
ventilation
- may block views



Water and electrical usage

Water usage (annual)
Potable:  19000 gallons
Non-potable:  7400 gallons
Water capture:  6900 gallons

Electrical usage (annual)
3000 kWh (without water heater)
14,600 KWh (with water heater)
PV output:  8492 kWh per year

http://www.ncsl.org/research/environment-and-natural-resources/water-e�cient-plumbing-¡xtures635433474.aspx

http://energy.gov/energysaver/estimating-appliance-and-home-electronic-energy-use



Energy production estimate



Photo credit:  Tesla Photo credit:  Sunbandit

Photo credit:  Duracast

Battery (2) Water heater (1)

1200 gallon cistern (1)
Photo credit:  Sunpower

PV panels (6), 327 watts

Equipment needs



Passive cooling strategy

PV panels

operable louvers for protection

overhang

overhang

screen

attic fan to route hot air

natural ventilation

under house ventilation

ventilated roof



water cistern (1200 
gallons)

treatment treatment waste system

rain water �ow from gutters (roof runo�) to cistern

potable water (in)

grey water (out) 

black water (out) 

grey water (in)

Water process



scale:  1/4” = 1’

LAUNDRY ROOM (18.5 SQ FT)

BATHROOM (45 SQ FT)

BEDROOM (125 SQ FT)

LIVING AREA (280 SQ FT)

BEDROOM LIVING AREA

KITCHEN

BATHROOM

W/D

WATER HEATER

CISTERN

Floor plan



Modularality

scale:  1/8” = 1’



Elevations

scale:  1/8” = 1’east elevation
west elevation

south elevationnorth elevation



Section

scale:  1/4” = 1’



Fact Sheet

Total square footage:  450 sq ft
Structure:  post and beam
Mechanical:  
- PV solar panels (6)
- Solar water heater
- Battery pack
- Water cistern (1200 gallons)



Sources
http://www.greenhomebuilding.com/pdf/shapingbuildings1.pdf
http://www.wholesalesolar.com/solar-information/start-here/o�grid-calculator#sunhoursmap
http://pvwatts.nrel.gov/




