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how it started: policy advocacy
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how it’s going: growing local examples
VERDANT
Saint Paul, MN (2019) - Kaas Wilson & Sherman Associates

ART DECO OFFICE RETROFIT 
Minneapolis, MN (2024) - Precipitate

Image copyright Kaas Wilson Architects

HOOK & LADDER 
Minneapolis, MN (2017) - LHB & Newport Midwest

Image copyright Newport Midwest

HILLCREST VILLAGE 
Northfield, MN (2023) - Sweetgrass Design Studio & Northfield CDC

SOLSTICE APARTMENTS
Minneapolis, MN (2024) - Precipitate & Footprint Development

MINNEAPOLIS HOMES CONCEPT PLANS 
Northside Home: 917 31st (811 31st & 1000 30th similar) 

February 17, 2021

ELEVATIONSSCHEMATIC DESIGN - NOT FOR CONSTRUCTION EXTERIOR ELEVATIONS
Northside Homes
Tilt Turn Cube House

2021.02.15

1/8" = 1'-0"1 East
1/8" = 1'-0"2 North

1/8" = 1'-0"3 South
1/8" = 1'-0"4 West

SCHEMATIC DESIGN - NOT FOR CONSTRUCTION EXTERIOR ELEVATIONS
Northside Homes
Tilt Turn Cube House

2021.02.15

1/8" = 1'-0"1 East
1/8" = 1'-0"2 North

1/8" = 1'-0"3 South
1/8" = 1'-0"4 West

NORTHSIDE PASSIVE
Minneapolis, MN (2024) - Precipitate & Urban Homeworks / PPL

MINNEAPOLIS HOMES CONCEPT PLANS 
Northside Home: 917 31st (811 31st & 1000 30th similar) 

February 17, 2021

ELEVATIONSSCHEMATIC DESIGN - NOT FOR CONSTRUCTION EXTERIOR ELEVATIONS
Northside Homes
Tilt Turn Cube House

2021.02.15

1/8" = 1'-0"1 East
1/8" = 1'-0"2 North

1/8" = 1'-0"3 South
1/8" = 1'-0"4 West

SCHEMATIC DESIGN - NOT FOR CONSTRUCTION EXTERIOR ELEVATIONS
Northside Homes
Tilt Turn Cube House

2021.02.15

1/8" = 1'-0"1 East
1/8" = 1'-0"2 North

1/8" = 1'-0"3 South
1/8" = 1'-0"4 West
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city incentives lead to project: verdant

BASELINE
SB2030 TARGETS

DESIGN
PRE-CERTIFIED

OFFSET
W/ SOLAR

site |  kBtu/GSF/year

21
2030 

TARGET
15

REMAIN.

12
SOLAR

27
W/OUT 
SOLAR

74%
reduction

85%
reduction

80%
reduction

Image copyright Kaas Wilson Architects
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education: parking

VERDANT ENCLOSED & TEMPERED HOOK & LADDER TUCK-UNDER
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policy leads to project: hillcrest village

ci.northfield.mn.us/Sustainability

CITY OF NORTHFIELD
CLIMATE ACTION PLAN

The City of Northfield is committed to:
• 100% carbon-free electricity by 2030 and 
• Being a 100% carbon-free community by 

2040. 

The plan includes strategies to 
enhance the resilience of the 
community as it adapts to the impacts 
of a changing climate. 

Plan called for a net-zero 
demonstration project.
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project details: thermal bridging
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flixo trial 8.1.1000.1

A B

C D

Boundary Condition q[W/m
2
] [

o
C] R[(m

2
ꞏK)/W] 

Exterior, ventilated  -10.000 0.130  
Interior, heat flux, downwards  20.000 0.170  
Interior, heat flux, upwards  20.000 0.100  
Interior, normal, horizontal  20.000 0.130  
Symmetry/Model section 0.000    

Material [W/(mꞏK)] 
Air layer, unventilated, horizontal, thickness: 300 mm 1.667 0.900
EQ ccSPF layer joist 0.033 0.900
EQ fiberglass batt layer 0.046 0.900
Fiberglass batt R3.8/in 0.038 0.900
Gypsum 900 kg/m3 0.300 0.900
Oriented strand board (OSB) 0.130 0.900
Timber 450 kg/m3 (softwoods) 0.120 0.900

Std. Rim joist

A--C
 =

29.378
30.000

- 0.290ꞏ3.270 =  0.031 W/(mꞏK)

A-C
= -29.378 W/m

 1
28

.7
5

U = 0.290 W/(m
2
ꞏK)

 8

 -5 5 15

 15

 -9

 -8

 -8

 -8

 18

 18

 19
 19

 19

= 0.018 Btu/(hr ft F)

TB (>0.006) 0.018 BTU/hr-ft-F
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flixo trial 8.1.1000.1

A B

C D

Boundary Condition q[W/m
2
] [

o
C] R[(m

2
ꞏK)/W] 

Exterior, ventilated  -10.000 0.130  
Interior, heat flux, downwards  20.000 0.170  
Interior, heat flux, upwards  20.000 0.100  
Interior, normal, horizontal  20.000 0.130  
Symmetry/Model section 0.000    

Material [W/(mꞏK)] 
Air layer, unventilated, horizontal, thickness: 300 mm 1.667 0.900
EQ 1.5" air gap layer 0.213 0.900
EQ ccSPF layer 0.030 0.900
EQ ccSPF layer joist 0.033 0.900
EQ fiberglass batt layer 0.046 0.900
Gypsum 900 kg/m3 0.300 0.900
Oriented strand board (OSB) 0.130 0.900
Timber 450 kg/m3 (softwoods) 0.120 0.900
XPS R-5/inch 0.029 0.900
ccSPF R-7.0/inch 0.021 0.900

Rim joist rev1

A--C
 =

16.001
30.000

- 0.161ꞏ3.270 =  0.006 W/(mꞏK)

A-C
= -16.001 W/m

 1
28

.7
5

U = 0.161 W/(m
2
ꞏK)

 8

 -5

 5

 5  15

 -9

 -9
 -9

 -9

 -9

 17

= 0.003 Btu/(hr ft F)

TB-FREE (<0.006) 0.003 BTU/hr-ft-F
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flixo trial 8.1.1000.1

AB

CD

Boundary Condition q[W/m
2
] [

o
C] R[(m

2
ꞏK)/W] 

Exterior, below grade  10.000   
Interior, heat flux, downwards  20.000 0.170  
Interior, normal, horizontal  20.000 0.130  
Symmetry/Model section 0.000    

Material [W/(mꞏK)] 
Air layer, unventilated, downwards, thickness: 300 mm 1.304 0.900
Concrete, medium density 2200 kg/m3 1.650 0.900
Concrete, reinforced (with 1% of steel) 2.300 0.900
Gypsum 900 kg/m3 0.300 0.900
Sand and gravel 2.000 0.900
Timber 450 kg/m3 (softwoods) 0.120 0.900
XPS R-5/inch 0.029 0.900

Std. Bearing wall footing

 15  15

 18 18  19  19

 19

 19 19

 19

A--B
 =

18.746
10.000

- 0.506ꞏ2.540 =  0.590 W/(mꞏK)

A-B
= 18.746 W/m

 100.00

U = 0.506 W/(m
2
ꞏK)

= 0.341 Btu/(hr ft F)

TB 0.0341 BTU/hr-ft-F

6/12/2020
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flixo trial 8.1.1000.1

A

B

C

D

Boundary Condition q[W/m
2
] [

o
C] R[(m

2
ꞏK)/W] 

Exterior, below grade  10.000   
Interior, heat flux, downwards  20.000 0.170  
Interior, normal, horizontal  20.000 0.130  
Symmetry/Model section 0.000    

Material [W/(mꞏK)] 
Air layer, unventilated, downwards, thickness: 300 mm 1.304 0.900
Concrete, medium density 2200 kg/m3 1.650 0.900
Concrete, reinforced (with 1% of steel) 2.300 0.900
EPS R-4.0/inch 0.036 0.900
Gypsum 900 kg/m3 0.300 0.900
Timber 450 kg/m3 (softwoods) 0.120 0.900
XPS R-5/inch 0.029 0.900

Bearing wall footing rev1

 15  15

A--C
 =

10.613
10.000

- 0.430ꞏ2.540 =  -0.031 W/(mꞏK)

A-C
= 10.613 W/m

 100.00

U = 0.430 W/(m
2
ꞏK

= -0.018 Btu/(hr ft F)

TB-FREE -0.018 BTU/hr-ft-F

6/11/2020
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7

flixo trial 8.1.1000.1

AB

CD

Boundary Condition q[W/m
2
] [

o
C] R[(m

2
ꞏK)/W] 

Exterior, below grade  10.000   
Interior, heat flux, downwards  20.000 0.170  
Interior, normal, horizontal  20.000 0.130  
Symmetry/Model section 0.000    

Material [W/(mꞏK)] 
Air layer, unventilated, horizontal, thickness: 13 mm 0.080 0.900
Concrete, medium density 2200 kg/m3 1.650 0.900
Concrete, reinforced (with 1% of steel) 2.300 0.900
EQ fiberglass batt layer 0.046 0.900
Gypsum 900 kg/m3 0.300 0.900
Sand and gravel 2.000 0.900
Timber 450 kg/m3 (softwoods) 0.120 0.900
XPS R-5/inch 0.029 0.900

Std. Demising wall footing

 15 15

 17  17 18  18 19

 19

 19

 19

A--B
 =

19.413
10.000

- 0.506ꞏ2.540 =  0.657 W/(mꞏK)

A-B
= 19.413 W/m

 100.00

U = 0.506 W/(m
2
ꞏK

= 0.380 Btu/(hr ft F)
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flixo trial 8.1.1000.1

A

B

C

D

Boundary Condition q[W/m
2
] [

o
C] R[(m

2
ꞏK)/W] 

Exterior, below grade  10.000   
Interior, heat flux, downwards  20.000 0.170  
Interior, normal, horizontal  20.000 0.130  
Symmetry/Model section 0.000    

Material [W/(mꞏK)] 
Air layer, unventilated, horizontal, thickness: 13 mm 0.080 0.900
Concrete, medium density 2200 kg/m3 1.650 0.900
Concrete, reinforced (with 1% of steel) 2.300 0.900
EPS R-4.0/inch 0.036 0.900
EQ fiberglass batt layer 0.046 0.900
Gypsum 900 kg/m3 0.300 0.900
Timber 450 kg/m3 (softwoods) 0.120 0.900
Warm n Dri R-4.25/inch 0.034 0.900
XPS R-5/inch 0.029 0.900

Demising wall footing rev1

A--C
 =

12.000
10.000

- 0.430ꞏ2.540 =  0.108 W/(mꞏK)

A-C
= 12.000 W/m

 100.00

U = 0.430 W/(m
2
ꞏK

= 0.062 Btu/(hr ft F)

 15 15

 19  19

ADEQUATE   0.062 BTU/hr-ft-FTB 0.380 BTU/hr-ft-F

EXAMPLE RIM JOIST DETAIL

EXAMPLE BEARING WALL DETAIL

EXAMPLE DEMISING WALL DETAIL

6091 KBTU/YEAR    VS    468 KBTU/YEAR
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net zero study: good-better-best

26

19
22

19

54% - 65% 
energy reduction

60% - 66% 
energy reduction54
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Residents need an easy to 
understand 

operations manual

Residents want more 
opportunities to build 

community with 
neighbors. 

Residents need more 
information on heat pumps 

and ERVs.

Residents and 
property managers need 

formal training/orientation 
that highlights the uniques 

features of living in a 
net-zero home.

MAIN TAKEAWAYS“Living here was my dream, but I need 
more support from management to 
make sure my house functions like any 
other house. The people who installed 
my heat pump didn’t know what they 
were doing and neither do the people 
who come to fix it”
“I know my house is different, but I need 
more information on how”
“I hope to be a part of this work moving 
forward”

project leads to research PR
OJECTS
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PRE-DESIGN

SCHEMATIC 
DESIGN

DESIGN 
DEVELOPMENT

CONSTRUCTION 
DOCUMENTS

CONSTRUCTION 
ADMINISTRATION

Client and 
beneficiary feedback 
through participatory 
process to select best 
design options. 

Get suppliers, engi-
neers and consultant 
trained and on board 
with mechanicals and 
other energy savings. 

User-friendly owners man-
uals with net-zero overlay 

and trainings for occupants 
and facilities managers, 
trainings for mechanical 
contractors, resident and 

facilities managers on com-
missioning and operations. 

Implement post 
occupancy evaluation to 

improve the 
design and operations of 

building based on quantifi-
able data of actual building 
performance and feedback 

from residents.  

Offer support for 
contractors to learn 

about net-zero design 
and ensure proper 

building techniques and 
proper installation of 
mechanical systems. 

INFORMED 
FEEDBACK LOOP

Client beneficiary 
input through par-
ticipatory process 
to define goals 
and objectives.

continued research: full circle PR
OJECTS
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research > project > policy: legislative tour

photos from CEE twitter
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creating policy: minneapolis climate equity plan

HEALTH

WEALTH

CLIMATE

CLEAN AIR 

ZERO 
DISPARITIES 
IN HEALTH 

OUTCOMES BY 
RACE, INCOME OR 

ZIP CODE 

SAFE, 
WALKING 

ACCESS TO 
STORES, 

SCHOOLS, AND 
GREENSPACE

HEALTHY 
FOOD ACCESS

JUSTICE40

THOUSANDS 
OF NEW HIGH 
PAYING JOBS 

REDUCE 
ENERGY 

BURDEN TO 
NO MORE 
THAN 4%RESILIENCE 

TO EXTREME 
WEATHER 

CONDITIONS

REDUCE 
CARBON 

EMISSIONS 
65% BY 2025

CARBON FREE 
BY 2050

Wastewater (1%)

Fossil (Natural) Gas (45%)

On-Road Transportation (24%)

Solid Waste (5%)

Electricity (28%)
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mn housing qap: building partnerships

AFFORDABLE 
HOUSING

ADVOCATING FOR ENERGY 
EFFICIENCY IN HOUSING

COMMERCIAL 
ENERGY CODE
ADVOCATING FOR NET 

ZERO BY 2036

RESIDENTIAL 
ENERGY CODE 

UPDATES
MEMBERS ON TECH.
ADVISORY GROUP
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building developer relationships: edge apartments

80
%

23

44
41

17

86
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comparison to energy star & sb2030 requirements
ENERGY STAR

ENTERPRISE GREEN COMMUNITIES
PASSIVE HOUSE

AS-DESIGNED PHIUS+ 2021

Roof R49 R49

 (whole wall) Wall R19 + 6.6 ci R19 + 12.6 ci

Slab R0.42 (slab on grade) R14.8 (slab + 4” EPS)

Windows U-0.27, SHGC .392
no interior blinds

U-0.16 (operable), U-0.14(fixed) 
no interior blinds

Doors R8.7 R8.7

Air Sealing 0.13 cfm/SF @50 Pa .06 cfm/SF @50 Pa

Heating 95 AFUE Gas Furnace 
20 - 31 kBTU/h

Water Source Heat Pump 
(Gas Heated Water Loop)

Combined COP 5.09

Cooling Electric AC
13 SEER / 11.38 EER 

12 - 17 kBTU/h

Water Source Heat Pump 
(Chilled Water Loop)
Combined COP 5.69

Ventilation Dryers, Range Hood, Bathrooms
No Recovery

1 W/cfm Fan Efficiency

Energy Recovery Ventilator
Swegon Gold

SRE 0.79 / LRE 0.4 / 1.08 W/cfm

DHW Natural Gas
92% efficient

no vertical recirculation

Natural Gas
98% efficient

vertical recirculation

Lighting & Power 100% LED, Median Energy Star Apps. 100% LED, Median Energy Star Apps.

Thermal Bridging Attic Access, Foundation, 
Rims, Balconies, Canopies

Attic Access, Foundation
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exploring incentives: card grant
$258,441 GRANT AWARDED 

& ADMINISTERED BY THE MN 
DEPARTMENT OF COMMERCE DIV. 

OF ENERGY RESOURCES & FUNDED BY 
INVESTMENT FROM MN UTILITIES.

CONSERVATION APPLIED RESEARCH 
AND DEVELOPMENT (CARD) GRANTS 

ARE RESEARCH-FOCUSED GRANTS 
DESIGNED TO IMPROVE AND EXPAND 
THE REACH AND ENERGY SAVINGS OF 

UTILITY ECO PROGRAMS (ENERGY 
CONSERVATION AND OPTIMIZATION  

PROGRAMS)

CARD grant team

University of 
Minnesota, CSBR

Center for Energy 
and Environment 
(CEE)

Midwest Building 
Decarbonization 
Coalition &Coalition

volunteering for 
Technical Advisory 
Committee

MN Department 
of Commerce

Precipitate

Slipstream

Note: results are still in draft form and might change based on the 
study’s final analysis and recommendations that will be included 
in the CARD final report and webinar
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study of existing projects
current multifamily phius in minnesota

Typical EUI:
20-25 kBTU/sf/yr

Site energy savings:
40 - 60% modeled
savings compared to 
typical affordable 
multifamily construction 
in MN

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

Saint Paul, MN Minneapolis, MN Minneapolis, MN Northfield, MN Sioux Falls, SD Madison, WI Lebanon, NH Portland, ME Brunswick, ME

EU
I  
 (k
BT
U
/s
f/
yr
)

Project Location

EUI (before renewables) ‐ Climate Peers, CZ 6

modeled to actual consumption ‐ verdant

WUFI EUI (with parking garage):
23.5 kBTU/sf/yr

Measured EUI (with parking garage):
29.6 kBTU/sf/yr

80% Modeled vs. Actual
(Measured data is most recent 12 months, but has not 
been weather-normalized yet)
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utility bills ‐ verdant

yearly total = $98,980

Since gas is a cheaper energy source 
and PH buildings mostly save gas, we 
can’t expect 50% energy cost savings to 
match the 50% reduction in energy 
consumption.   

46.0%
54.0%

Share of Energy Consumption (kBTU)

gas electric

19.5%

80.5%

Share of Energy Cost ($)

incremental construction costs

‐5

0

5

10

15

20

Minnesota
(4 projects)

Mass CEC
(8 projects)

NYSERDA
(41 projects)

Pembina Report
(18 projects)
(international)

NAPHN Report
(16 projects)

PHFA 2015 PHFA 2016 PHFA 2018
(15 projects)

In
cr
em

en
ta
l C
os
t %

Passive House Multifamily Buildings
Recorded Incremental Costs

Average

Typical incremental 
cost in MN: 7-13%,     
MN average 10%

how much does it cost? how much can we save? PR
OJECTS
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UNDERSTAND THE POTENTIAL 
ENERGY SAVINGS FOR 

MULTIFAMILY BUILDINGS 
ACROSS THE STATE 

BY COMPARING A CODE 
BASELINE BUILDING TO 

A PHIUS CERTIFIABLE 
BUILDING 

FOR THREE SCALES OF 
MULTIFAMILY BUILDINGS 
IN THREE MN CLIMATES

Copyright © Free Vector Maps.com

7 NORTH
BEMIDJI MUNICIPAL AIRPORT

6A CENTRAL
Minneapolis - St. Paul Intl Airport

6A SOUTH
Albert Lea (AWOS)

A. SMALL MULTIFAMILY
TIERRA LINDA

Envelope Area  14,107
iCFA    8,596
Dwelling Units 6
Bedrooms  18

B. MEDIUM MULTIFAMILY
VAN BUREN CARBON SMART APARTMENTS

Envelope Area  21,103
iCFA    17,880
Dwelling Units 23
Bedrooms  23

C. LARGE MULTIFAMILY
HOOK & LADDER

Envelope Area  56,200
iCFA    53,167
Dwelling Units 59
Bedrooms  97

3 CLIMATES
3 SCALES

modeling energy savings PR
OJECTS
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model assumptions for large multifamily
BASELINE COMMERCIAL CODE
ASHRAE 90.1 2019 W/MN AMENDMENTS

PASSIVE HOUSE

GAS ELECTRIC RESISTANCE ELECTRIC ASHP PHIUS+ 2021

Roof R30 Zone6, R35 Zone7 PERFORMANCE BASED (VARIES)

 (whole wall) Wall R20 + 3.8ci (R21 effective)

Slab R7.9 (slab on grade)

Windows U-0.42/0.36 (operable), U-0.34/0.29 (fixed) site & summer shading .75, no interior blinds

Doors Uw-0.63 (entrance) Uw-0.37 (opaque)

Air Sealing 0.31 cfm/SF @50 Pa .06 cfm/SF @50 Pa

Heating 80 AFUE Gas Furnace All-in-One Elec Heating & AC Air Source Heat Pump
COP 3.2 @ 47F / 2.05 @ 17F

VRF SYSTEM
20,000 BTU/h

Heat.COP 3.87 @ 47F / 2.41@ -12.6F

Cooling Electric AC
13 SEER / 11.38 EER 

Air Source Heat Pump
13 SEER / 11.38 EER

Air to Air Heat Pump
641,000 BTU/h 

25 SEER

Ventilation Balanced, No Recovery
1 W/cfm Fan Efficiency

Energy Recovery Ventilator
SRE 0.79 / LRE 0.694 / .79 W/cfm

DHW Standard Natural Gas
0.8 EF

R3.3 Pipe Insulation

Natural Gas 
96% efficient

72 ga. tank

Lighting & Power 75% LED, Utility Baseline Appliances 100% LED, Median Energy Star Apps.

Thermal Bridging Not Included in Baseline Models
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annual site energy use comparison| large multifamily

BEMIDJI (7A) MINNEAPOLIS ST PAUL (6A) ALBERT LEA (6A)

KBTU/SF YEAR

Wall R21 R44
Roof R35 R63
Slab R7.9 R20

Wdws U-0.36(operable)/0.29(fixed) U0.19
Doors U0.63(entry)/0.37(opaque) U0.43
Solar none

Wall R21 R28
Roof R30 R53
Slab R7.9 R20

Wdws U-0.42(operable)/0.34(fixed) U0.19
Doors U0.63(entry)/0.37(opaque) U0.43
Solar none

Wall R21 R28
Roof R30 R53
Slab R7.9 R20

Wdws U-0.42(operable)/0.34(fixed) U0.19
Doors U0.63(entry)/0.37(opaque) U0.43
Solar none

63% - 37% reduction65% - 35% reduction64% - 40% reduction
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VERDANT
Saint Paul, MN (2019) - Kaas Wilson & Sherman Associates

ART DECO OFFICE RETROFIT 
Minneapolis, MN (2024) - Precipitate

Image copyright Kaas Wilson Architects

HOOK & LADDER 
Minneapolis, MN (2017) - LHB & Newport Midwest

Image copyright Newport Midwest

HILLCREST VILLAGE 
Northfield, MN (2023) - Sweetgrass Design Studio & Northfield CDC

SOLSTICE APARTMENTS
Minneapolis, MN (2024) - Precipitate & Footprint Development

MINNEAPOLIS HOMES CONCEPT PLANS 
Northside Home: 917 31st (811 31st & 1000 30th similar) 

February 17, 2021

ELEVATIONSSCHEMATIC DESIGN - NOT FOR CONSTRUCTION EXTERIOR ELEVATIONS
Northside Homes
Tilt Turn Cube House

2021.02.15

1/8" = 1'-0"1 East
1/8" = 1'-0"2 North

1/8" = 1'-0"3 South
1/8" = 1'-0"4 West

SCHEMATIC DESIGN - NOT FOR CONSTRUCTION EXTERIOR ELEVATIONS
Northside Homes
Tilt Turn Cube House

2021.02.15

1/8" = 1'-0"1 East
1/8" = 1'-0"2 North

1/8" = 1'-0"3 South
1/8" = 1'-0"4 West

NORTHSIDE PASSIVE
Minneapolis, MN (2024) - Precipitate & Urban Homeworks / PPL

MINNEAPOLIS HOMES CONCEPT PLANS 
Northside Home: 917 31st (811 31st & 1000 30th similar) 

February 17, 2021

ELEVATIONSSCHEMATIC DESIGN - NOT FOR CONSTRUCTION EXTERIOR ELEVATIONS
Northside Homes
Tilt Turn Cube House

2021.02.15

1/8" = 1'-0"1 East
1/8" = 1'-0"2 North

1/8" = 1'-0"3 South
1/8" = 1'-0"4 West

SCHEMATIC DESIGN - NOT FOR CONSTRUCTION EXTERIOR ELEVATIONS
Northside Homes
Tilt Turn Cube House

2021.02.15

1/8" = 1'-0"1 East
1/8" = 1'-0"2 North

1/8" = 1'-0"3 South
1/8" = 1'-0"4 West
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