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U.S. DEPARTMENT OF ENERGY RACE TO ZERO STUDENT DESIGN COMPETITION

New Construction or Deep Retrofit?
Roadmap to Build a Case for Deep Retrofit



IN
T

R
O

D
U

C
T

IO
N



LINKoln Locale

IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



IN
T

R
O

D
U

C
T

IO
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



°

°

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



°

°

°

°

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



°

°

°

°

°

°

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



°

°

°

°

°

°

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•
•
•
•

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•
•
•
•

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•
•
•
•

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•
•
•
•

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•
•
•
•

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•
•
•
•

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•
•
•
•
•

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•
•
•
•
•

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•
•
•
•
•

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•
•
•
•
•

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•
•
•
•
•

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•

•
•
•
•
•
•
•

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•
•
•
•
•

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•
•
•
•
•

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•
•
•
•
•

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•
•
•
•
•

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•
•
•
•
•

A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N

v



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



A
R

C
H

IT
E

C
T

U
R

A
L
 D

E
S

IG
N



•
•
•IN

T
E

R
IO

R
 D

E
S

IG
N



•
•
•IN

T
E

R
IO

R
 D

E
S

IG
N



•
•
•IN

T
E

R
IO

R
 D

E
S

IG
N



•
•
•IN

T
E

R
IO

R
 D

E
S

IG
N



•
•
•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•
•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•
•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•
•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•
•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•

•
•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•

•
•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•

•
•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•

•
•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•
•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•
•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•
•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•
•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•

•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



0

1

2

3

4

5

6

-30

-20

-10

0

10

20

30

40

50

60

70

80

90

100

110

10/1/2016 11/1/2016 12/1/2016 1/1/2017 2/1/2017 3/1/2017 4/1/2017 5/1/2017 6/1/2017 7/1/2017 8/1/2017 9/1/2017 10/1/2017

To
ta

l W
at

er
 C

o
n

te
n

t 
(l

b
/f

t2
)

Te
n

p
er

at
u

re
 (

F°
)

Date/Time

Total Water Content 

Exterior Air Temperature (Exterior Climate) [ｰF] Interior Air Temperature (Exterior Climate) [ｰF] #Basecase

#4" XPS (2"x4" Wood Stud) #6" XPS (2"x4" Wood Stud) #2" ccSPF+3.5" Cellulus Insulation (2"x4" Wood Stud)

#3.14"/80mm StoPerlite #3.93"/100mm StoPerlite #4.72"/120mm StoPerlite

#1.18"/30mm StoAervero

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•

•

•E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•

•

•E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•

•

•E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•

•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•

•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•

•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y

•
•

•



E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y

•
•

•



•
•

•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



•
•

•

E
N

V
E

L
O

P
E

 D
U

R
A

B
IL

IT
Y



45%

4%

23%

28%

Existing

Space Heating Cooling (Air Conditioning)

Domestic Hot Water Appliances, Electronics, Lighting

29%

4%

14%

53%

Proposed

Space Heating Cooling (Air Conditioning)

Domestic Hot Water Appliances, Electronics, Lighting

41%

6%18%

35%
52%

2%

16%

30%
51%

2%

16%

31%

E
N

E
R

G
Y

 A
N

A
L
Y

S
IS



45%

4%

23%

28%

Existing

Space Heating Cooling (Air Conditioning)

Domestic Hot Water Appliances, Electronics, Lighting

29%

4%

14%

53%

Proposed

Space Heating Cooling (Air Conditioning)

Domestic Hot Water Appliances, Electronics, Lighting

41%

6%18%

35%
52%

2%

16%

30%
51%

2%

16%

31%

E
N

E
R

G
Y

 A
N

A
L
Y

S
IS



45%

4%

23%

28%

Existing

Space Heating Cooling (Air Conditioning)

Domestic Hot Water Appliances, Electronics, Lighting

29%

4%

14%

53%

Proposed

Space Heating Cooling (Air Conditioning)

Domestic Hot Water Appliances, Electronics, Lighting

41%

6%18%

35%
52%

2%

16%

30%
51%

2%

16%

31%

E
N

E
R

G
Y

 A
N

A
L
Y

S
IS



488.6

40.9

243.4

297.5

1070.4

43.6

5.8
20.9

79.8

150.1

0

200

400

600

800

1000

1200

Space Heating Cooling (Air Conditioning) Domestic Hot Water Appliances, Electronics, Lighting Total

M
M

B
tu

/y
r

Building Energy Usage by End Use Category

Existing

Proposed

E
N

E
R

G
Y

 A
N

A
L
Y

S
IS



488.6

40.9

243.4

297.5

1070.4

43.6

5.8
20.9

79.8

150.1

0

200

400

600

800

1000

1200

Space Heating Cooling (Air Conditioning) Domestic Hot Water Appliances, Electronics, Lighting Total

M
M

B
tu

/y
r

Building Energy Usage by End Use Category

Existing

Proposed

E
N

E
R

G
Y

 A
N

A
L
Y

S
IS



488.6

40.9

243.4

297.5

1070.4

43.6

5.8
20.9

79.8

150.1

0

200

400

600

800

1000

1200

Space Heating Cooling (Air Conditioning) Domestic Hot Water Appliances, Electronics, Lighting Total

M
M

B
tu

/y
r

Building Energy Usage by End Use Category

Existing

Proposed

E
N

E
R

G
Y

 A
N

A
L
Y

S
IS



488.6

40.9

243.4

297.5

1070.4

43.6

5.8
20.9

79.8

150.1

0

200

400

600

800

1000

1200

Space Heating Cooling (Air Conditioning) Domestic Hot Water Appliances, Electronics, Lighting Total

M
M

B
tu

/y
r

Building Energy Usage by End Use Category

Existing

Proposed

E
N

E
R

G
Y

 A
N

A
L
Y

S
IS



488.6

40.9

243.4

297.5

1070.4

43.6

5.8
20.9

79.8

150.1

0

200

400

600

800

1000

1200

Space Heating Cooling (Air Conditioning) Domestic Hot Water Appliances, Electronics, Lighting Total

M
M

B
tu

/y
r

Building Energy Usage by End Use Category

Existing

Proposed

E
N

E
R

G
Y

 A
N

A
L
Y

S
IS



•
•

•
•

•
•

•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•

•
•

•
•

•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•

•
•

•
•

•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•

•
•

•
•

•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•

•
•

•
•

•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•
•
•

Cistern

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•
•
•

Cistern

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



Cistern

•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



Cistern

•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



Cistern

•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



Cistern

•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



•
•
•
•

S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



S
P

A
C

E
 C

O
N

D
IT

IO
N

IN
G

 A
N

D
 

IN
D

O
O

R
 A

IR
 Q

U
A

L
IT

Y



Installed Cost

CERV (w/FV20) $4,500

Geo-Boost $750

Insulated Filter Box $190

Duct Heater $570

Stiebel Eltron Pump $245

Total $6,255

Typical Mini-Split $3,000 - $5,0004

Typical HRV $4,000 - $5,0005

Total $7,000 - $10,000

4 Bedroom (1510 sf) $13,060 - $14,060

3 Bedroom (1346 sf) $12,076 – $13,076

2 Bedroom (889 sf) $9,334 - $10,334
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http://www.dreamstime.com/stock-photography-smart-
house-flat-illustration-concept-image38055952
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http://energy.gov/energysaver/tips-your-homes-energy-use
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http://www.geappliances.com/ge/heat-pump-hot-water-heater.htm
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http://www.energymatters.com.au/wp-content/uploads/2015/12/Datasheet-Daily-Powerwall.pdf
http://www.sma.de/fileadmin/user_upload/SBS25-DEN1604-V10web.pdf
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Building Fees and Design Costs
$91,078 

Foundation/Excavation
$23,798 

Framing
$45,835 

Exterior Walls and Roofing
$9,163 

Windows and Doors
$85,300 

Plumbing/HVAC
$87,002 

Rainwater System
$11,874 

PV/Electrical
$74,580 Insulation

$82,394 

Drywall, Paint, Interior Trim
$164,168 

Lighting
$22,364 

Cabinets, Countertops
$64,405 

Appliances and Plumbing 
Fixtures
$79,773 

Flooring
$23,411 

Deck, Patio, Porches
$18,510 

Permeable Driveway
$44,400 

Landscaping, Cleanup, etc.
$10,721 

Building Fees and Design Costs $ 91,078
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[1] http://www.homeadvisor.com/cost/architects-and-engineers/build-a-house/

[2] http://www.fixr.com/costs/build-apartment [3] http://www.deptofnumbers.com/rent/illinois/champaign/
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Debt to Income Ratio Calculation
Annual Median Family Income (MFI) $ 54,916 

Monthly Household Debt (0.5% MFI) $ 34 

Operations and Maintenance Costs $ 24 

Monthly Utility Costs $ 10 

Property Tax $ 369 

Insurance $ 10 

Mortgage Payment $ 718 

Home Ownership Affordability Target 38%
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Calculated Debt to Income Ratio 25%
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Calculated Debt to Income Ratio 25%

Financing Breakdown
Annual Interest Rate 3.9%
Years 30 years
Payments per Year 12
Number of Payments 360
Down payment $ 305,644 
Principle Amount $1,222,575 

Monthly Payment $ 5,746
Property Tax Rate 2.32%
Annual Property Tax $ 35,455 

Monthly Payment 
w/Distributed Property Tax $ 8,701
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TEAM LINKoln

U.S. DEPARTMENT OF ENERGY RACE TO ZERO STUDENT DESIGN COMPETITION

New Construction or Deep Retrofit?
Roadmap to Build a Case for Deep Retrofit


