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Master Plan
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Master Plan
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Area Attributes Contributing to Site Selection
● Neglected industrial area
● Proximity to nature/recreation
● Mixture of housing types & densities
● Future light-rail infrastructure

Masterplan Exercise
● Mixed-use, multi-family development
● Sensitivity to surrounding context
● Strategically located RTZ townhomes



Social Responsibility
● Sized for the Harrison Neighborhood 

demographics and family structure
● Priced for a typical Habitat for Humanity 

homeowner 
● ADA visitable units
● Environmentally-responsive to site
● Lasting design and structure
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Site Plan
● Appropriate fit to Harrison 

Neighborhood and site context
● Effectively serve needs of Habitat for 

Humanity homeowners
● Walkable and ADA visitable
● Unit & community garden spaces
● Aggressive stormwater management 

plan to protect Bassett Creek
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Landscape Design

Stormwater Management
● Bioswales for large storm events
● Underground cistern for gardens

Landscape Selections
● Low-maintenance
● MN native species
● Disease resiliency
● Pear trees: Golden Spice & Summer Crisp
● Serviceberry trees
● Raised beds for herbs
● Green screen wall: wild grape or hops
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Landscape Design

Introduction • Team • Site • Design • Enclosure • Systems • IAQ • Construction • Energy • Conclusion



Overall Design Goals

Six Attached Units for Six Families
● Culturally rich and accommodating
● Aesthetically pleasing
● Flexible and expandable
● Optimized to be Zero Energy Ready
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Standard Units

5 Units
● ADA Visitable
● Three bedrooms

○ expands to four with “unbasement”
● 1844 square feet on two floors

○ plus 448 square feet for expansion
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Level One
● Open plan connects front and back yards
● ADA visitable bath
● Designated storm shelter
● Optimizing storage space
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Level Two
● Three sizable bedrooms
● Fully partitioned bathroom
● In-unit laundry
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The “Unbasement”
● Location for utilities and storage
● Attic is transformed to conditioned space
● Flexible unfinished space for today
● Quality expansion space for tomorrow

○ without typical basement comfort 
and indoor air quality concerns
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Interiors
● Light-filled spaces
● Connection to exterior
● Warm finishes
● Opportunities for customization
● Preference for recycled and recyclable materials
● Durable surfaces for floors, kitchens, baths
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Landscaped Rooms
● Extension of the living spaces
● Personal identity of each home
● Private gardens
● Social gathering space

Introduction • Team • Site • Design • Enclosure • Systems • IAQ • Construction • Energy • Conclusion

N



Section
● Dynamic design both in 

plan and section
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Extended Unit
● Four bedrooms; one ADA
● First floor laundry
● Fully accessible bathroom
● Provides disabled family members 

freedom to perform tasks in the home
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Enclosure Goals

● An ultra-efficient enclosure
● Highly insulated 
● Carefully considered air sealing
● Ensure moisture control 
● Provides maximum durability

Healthy - Lasting - Cost-Effective - Zero Energy Ready Home



Enclosure Overview

Key Features
● Frost Protected Shallow Foundation
● OptiMN Hybrid Wall
● OptiMN Hybrid Roof
● Ultra-efficient windows

○ North: triple pane, U-0.20
○ South: double pane, U-0.24 
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Frost Protected Shallow Foundation
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Foundation: Thermal Control

Thermal Control Layer
● Insulation serves as formwork for 

cast-in-place concrete
● Wing insulation: 5” XPS (R25)
● Under slab & footing: 3” depth 

compressive strength XPS (R15) under 
slab and footing

● Slab perimeter: 3” XPS (R15) with stucco 
finish
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Foundation: Moisture Control

Moisture Control Layers
● XPS with stucco surface deflects water 

away from concrete.
● 6” of large aggregate under entire 

foundation.
● 4” of large aggregate under wing 

insulation
● Drain tile inside footing & sump
● XPS provides below-grade vapor control
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Foundation: Air Control

Air Control Layer
● Concrete with sealed control joints
● Sill sealer and pan flashing between 

concrete and sill plate
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Party Foundation: Control Layers
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OptiMN Hybrid Wall
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OptiMN Hybrid Wall: Thermal Control

Thermal Control: R35 Assembly
● Exterior: continuous 3” polyiso
● Cavity: 3.5” rock wool batt
● Exterior/Interior Ratio: 60/40
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OptiMN Hybrid Wall: Water Control

Water Control Layers
● Self-adhered membrane on OSB
● XPS and furring strips

○ Drained and vented rain screen
○ XPS with taped seams
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OptiMN Hybrid Wall: Air & Vapor Control

Air Control Layer
● Self-adhered membrane over OSB

Vapor Control Strategy
● Self-adhered membrane
● Class III vapor retarder latex paint on gypsum for 

inward drying
● Furring strips for air and vapor drying
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OptiMN Hybrid Wall: Winter Hygrothermal Analysis
● 16 degrees, 30% 

RH outside

● 70 degrees, 40% 
RH inside

● Condensation 
plane of concern 

○ OSB
● 85% RH on OSB
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OptiMN Hybrid Wall: Summer Hygrothermal Analysis
● 91 degrees, 50% 

RH outside

● 74 degrees, 40% 
RH inside

● Condensation 
plane of concern 

○ OSB

● 35% RH on OSB

InsideOutside



OptiMN Hybrid Wall: WUFI Analysis
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Party Wall
● 2x4 walls with OSB for shear 

strength
● Rock wool batt staggered for 

fire and sound control
● 1” Coreboard for fire and 

sound control
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OptiMN Hybrid Roof
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OptiMN Hybrid Roof: Thermal Control

Thermal Control: R57 Assembly
● Exterior: continuous 6” polyiso
● Cavity: 5.5” rock wool batt
● Exterior/Interior Ratio: 65/35 
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OptiMN Hybrid Roof: Water Control

Water Control Layers
● Self-adhered membrane over structural OSB
● Asphalt building paper between OSB roof 

sheathing and shingles
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OptiMN Hybrid Roof: Air and Vapor Control

Air and Vapor Control
● Self-adhered membrane over OSB
● Class III latex paint on gypsum for 

inward drying
● Furring strips under shingles and OSB 

provides air and vapor drying
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Roof and Party Wall Connection
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OptiMN Hybrid Roof: WUFI Analysis
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Windows: Specifications

Andersen A-Series
● MN window manufacturer
● Fibrex frame: wood fiber and PVC polymer composite
● North: Low-e triple pane with Heatlock

○ U-Factor- 0.20
○ SHGC- 0.21

● South: Low-e double pane; PassiveSun with Heatlock
○ U-factor-0.24
○ SHGC- 0.36
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Windows: Head and Sill Details
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Systems Goals

● Select high-efficiency equipment
● Proper design, sizing, and layout
● Minimize duct and pipe lengths
● Easily and efficiently distribute 

fresh air to all rooms
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Heating and cooling loads were calculated by entering enclosure areas, 
insulation values, air tightness, ventilation rates, solar, and internal gains into 
both ACCA Manual J and REMRate.

Energy Loads 
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Ultra Efficient Loads
● Extremely low heating design load < 15 kBtu/hr
● Very small cooling design load < 12 kBtu/hr (1 ton)



Heating and Cooling System

Compact Combi Boiler

Energy Kinetics Accel 
CS EK1C90

Space 
Conditioning

Hot Water
Bathrooms / Kitchen Radiant Heat

Fan coil 
w/ ECM

Enerzone Convertible Lennox XC21

Air 
conditioner
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Air supply

Combi system
Fan coil

Return air
Exhaust



Radiant In-Floor Heating

● More efficient heating
● Reduced spread of allergens
● Consistent and comfortable 

temperatures
● Reduced energy use

Introduction • Team • Site • Design • Enclosure • Systems • IAQ • Construction • Energy • Conclusion

Hot water

Radiant heating
Cold water



● High-efficiency water heater
● Proper system sizing
● Efficient distribution layout 
● WaterSense certified fixtures

Domestic Hot Water
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Combi system
Fan coil

Hot water

Radiant heating
Cold water



Whirlpool - Energy Star 4.3-cu.ft High- Efficiency Top Load Washer

Beko - Energy Star, Ventless, Electric 4.1 cu.ft Front LoaderDryer

Washing Machine

Whirlpool - Energy Star, 20.5 cu.ft Top-Freezer RefrigeratorRefrigerator

Stove Whirlpool - Energy Star, 4-burner 5 cu.ft Slide-in Gas Range

Dishwasher Whirlpool - Energy Star, Gold 51-decibel Built-in Dishwasher

Appliances
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Indoor Air Quality Goals

● Manage contaminants
● Filter particulates
● Provide fresh outside air
● Manage intakes and exhausts
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● Sealed combustion equipment
● Radon mitigation w/ASD
● Reduced VOCs 
● Hard surface flooring

Healthy - Lasting - Cost-Effective - Zero Energy Ready Home



● Manage contaminants
● Filter particulates
● Provide fresh outside air
● Manage intakes and exhausts

Indoor Air Quality Goals

● High-efficiency MERV 12 
air filter for circulation system

● MERV 8 filter for ERV intake
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● Manage contaminants
● Filter particulates
● Provide fresh outside air
● Manage intakes and exhausts

Indoor Air Quality Goals

● ERV (filtered and tempered air)
● Source point exhaust intakes 
● Timed air circulation/distribution 
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● Manage contaminants
● Filter particulates
● Provide fresh outside air
● Manage intakes and exhausts

● Elevated fresh air intakes
● Separated intakes and exhausts
● Exhaust clearances to openings

Indoor Air Quality Goals
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Ventilation Rates

● Minnesota Code = (0.02 cfm/sf x 2298 sf) + (15 cfm/br x (3br+1) = 106 cfm
○ 1/2 of this must be continuous meeting ASHRAE 62.2-2010 = 53 cfm

● Continuous ventilation rate = 80 cfm
○ 1st floor half-bath = 20 cfm
○ 2nd floor bathroom (toilet room) = 20 cfm
○ 3rd floor future bathroom = 20 cfm 
○ 1st floor kitchen area = 10 cfm 
○ 2nd floor laundry = 10 cfm

● Total ventilation rate = 120 cfm (high speed)

Energy Recovery Ventilator (ERV) EC15 ECM 
with MERV 12 Filter
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Dedicated Exhaust Fans

Broan Elite RME50305SS
135 cfm normal; 290 cfm boost

Panasonic WhisperGreen FV-05-11VK1
50 cfm hard-wired to light
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2nd Floor Bathroom (shower room)

Kitchen Range Hood



Constructability Goals

● Ensure a quality-built house
● Minimize environmental impact 

from construction
● Use of readily available materials 

and common practices for ease of 
construction and cost reduction
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Site Logistics
● Properly installed and maintained silt fences for 

erosion control
● High level of visibility from office trailers
● West end (ADA) unit provides staging for other units
● Pour concrete from east to west
● Frame from east to west
● Ensure site safety and security with perimeter fence 

and gated entries
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Constructability: Construction Schedule
● Employ “waterfall 

technique” for 
efficient sequencing

● Start excavation 
○ 11 April

● Weathertight
○ 28 July

● Project Completion
○ 10 October

● Total Project Cycle 
○ 10 Months
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Construction Management: Best Practices
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Construction Management 
● Quality assurance plan to ensure 

quality for each stage of construction



Construction Management: Best Practices
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Construction Management 
● Quality assurance plan to ensure 

quality for each stage of construction
● 3rd party verification at three crucial 

points of construction to ensure 
performance



Homeownership: Best Practices
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● Best practices don’t end when 
construction is completed

● Homeowner guide includes:
○ Schedule for routine 

maintenance
○ Home systems explanation
○ Safety items
○ Diagrams with locations of 

system access 



Financial Summary
● Overall ReGen construction 

costs less than NAHB baseline 
● Foundation cost includes 

in-floor heating
● Advanced framing techniques 

decrease framing costs
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Financial Analysis
● MFI for Harrison Neighborhood: $48,000
● Property tax: 1.345%
● Inflation rate: 3.2%
● Interest rate: 4.5%
● Overall development cost: $1.2 Million
● Construction cost per unit: $201,459
● Unit sales price: $336,394
● Cost per square foot: $146
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Construction Estimate: UPDATE
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Anderson Windows: 10% Discount
Whirlpool: Refrigerator & Range
DOW Chemical Company: Rigid Insulation

Interest

-$416
-$2,974

-$10,987

0%



Construction Estimate: UPDATE
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Anderson Windows: 10% Discount
Whirlpool: Fridge & Range
DOW Chemical Company: Rigid Insulation

Interest

-$416
-$2,974

-$10,987

0%

Habitat specific savings: $13,676 
Achieve 38% Homeownership 
affordability target



Energy Performance Goals

Healthy - Lasting - Cost-Effective - Zero Energy Ready Home

● Optimize site energy use
● Provide ultra-efficiency
● Minimize energy bills without PV
● Eliminate energy bills with PV
● Optimize southern roof exposure
● PV payback less than 10 years



BeOpt Design Comparison

Analysis Confirmed
● Reduced energy consumption 

with triple pane windows
● 2x4 walls with exterior 

insulation better than 2x6
● No need to increase slab 

insulation
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Lighting: Electricity Consumption
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Performance Overview
● Superior energy efficiency 

compared to standard new home
● Affordable operational costs
● PV system completely offsets all 

energy related costs
○ remaining monthly cost is 

utility service charge
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ADA Unit: 30 Cost: $69
Interior Unit: 32 Cost: $66

East End Unit: 31 Cost: $68

ADA Unit:  0 Cost: $10
Interior Unit: -1 Cost:   $7
East End Unit: -1 Cost:   $8

Max

Min



Performance: ReGen Homes w/o PV
● Meets DOE Zero Energy Ready Homes
● Energy Star Certified
● HERS Score

○ Interior Units: 32
○ End Unit: 31
○ ADA Unit: 30

● Annual Energy Cost: $831
● Monthly Energy Cost: $69
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Performance: ReGen Homes w/ PV
● Meets DOE Zero Energy Ready Homes
● Energy Star Certified 
● HERS Score

○ Interior Units:  -1
○ End Unit:  -1
○ ADA Unit:  0

● Annual Energy Cost: $73
● Monthly Energy Cost: $7
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Photovoltaic System Overview

Optimized Southern Roof 
● Maximize energy generation
● Southern Roof Area: 701 sq ft
● Total Array Area: 508 square feet
● Inclination Angle: 30.3 degrees
● Azimuth Angle: 180 degrees
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Photovoltaic System: Solar Array Analysis

tenK Solar
● Headquartered in Minneapolis, MN
● APEX 440W model

○ Monocrystalline array
○ 96% efficient inverter
○ 16.8% module efficiency
○ 28.2 square feet per panel

● Eighteen 440W Panels
● 7.92 KW peak production
● 11,260 KWh annual production
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Photovoltaic Array: Cost and Payback
● Cost at $5/Watt = 7920W * $5/W = $39,600
● Federal Renewable Energy Tax Credit (30%) 

○ $39,600 - $11,880 = $27,720 sales price
● Made in MN rebate of about $1600 per year ($0.14/KWh)
● Annual energy savings of $1,239 to $1,645
● Payback for array is approximately 9 years
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Conclusion
● Flexible Right-Sized Townhomes

○ All units ADA visitable
○ 1 unit ADA compliant
○ 1844 square feet
○ plus 448 sf “unbasement”

● High-Performance Robust Enclosure
○ Slab-on-grade using FPSF 
○ R35 OptiMN Hybrid Wall
○ R57 OptiMN Hybrid Roof

● High-Efficiency Optimized Systems
○ Combi space & water heating
○ Radiant in-floor heating

● Healthy Indoor Environment
○ Energy recovery ventilator

● Superior Whole House Performance
○ DOE Zero Energy Ready
○ HERS 32 w/o PV; $69/month
○ HERS -1 w/ PV; $7/month
○ 9 year payback for PV

● Cost-Effective and Affordable 
○ $336,394 sales price
○ $146 per square foot
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