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PROJECT SUMMARY

Location: Chicago, IL
Area: 2,280 sq. ft/unit (4 units total)
4 bedrooms, 2 bathrooms, and 2 stories per 
unit

Wall Insulation = R-56 
(Cavity insulation + continuous insulation) 
Foundation Insulation = R–50
Roof Insulation = R–63
Window Performance = U–0.17 SHGC: 0.27

HVAC = SEER 22 and HSPF 10.0 
mini-split heat pump

Estimated monthly energy cost
$58/unit w/o PV; $4/unit w/ PV

Zero Energy 
Home

Reference
Home

Existing
Homes

More 
Energy

Less 
Energy
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HVACHVAC Lighting 
Water Heating

Financial 
Analysis



PROJECT SITE

SITE PLAN

FLOOR PLANS

ELEVATIONS

SECTION

Design
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Hyde Park Neighborhood

Design

1

3
2

3

2

1

Woodlawn Neighborhood

Jackson Park

University of Chicago

Midway Plaisance
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0 2’ 5’ 10’ 20’ 40’
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0 2’ 5’ 10’ 20’

S Drexel ave
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Second Floor

First Floor

LIVING

KITCHEN

DINING

OPEN
UPWARD

OPEN
BELOW

BEDROOM 1

BEDROOM 2

BEDROOM 3

BEDROOM 4

0 2’ 5’ 10’ 20’
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0 2’ 5’ 10’ 20’
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REDUCE ENERGY USE

SOLAR PV

Energy
Analysis
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BEOPT ENERGY MODELING IN OPTIMIZATION MODE
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ENERGY ANALYSIS RESULTS FROM BEOPT AND ENERGY PLUS
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478

IECC 
2012

Envelope HVAC
SEER 22

Lighting
Appliance

Solar
PV

659 478 359 315
-8

Unit: MMBTU/yr



PHOTOVOLTAIC (PV) SYSTEMS
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Area: 4,049 sf
Module e�ciency: 22%
Inverter e�ciency: 96%
DC system size: 82 kW
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17

26

33

41

42

43

35

28

21

13

10

323

AC Energy
 (MMBtu/yr)Month

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Total

0 2’ 5’ 10’ 20’ 40’

323 
MMBtu/yr



REDUCE UTILITY BILLS

REDUCE ENERGY LOSS

CONSTRUCTABILITY

AVOID MOISTURE PROBLEMS

Envelope
Durability
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source: www.buildingscience.com
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HYGROTHERMAL ANALYSIS 

Location: Chicago, IL; cold year           WUFI
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FRESH AIR

FINISH MATERIALS

IAQ
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HARDWOOD FLOORING
Oak-natural Finish

Meeting CARB requirements
Low formaldehyde emissions

PAINTING
Non-emitting VOC paint

FURNITURE
Meeting CARB requirements
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PROVIDE THERMAL COMFORT

PROPER EQUIPMENT SIZING

ENERGY-STAR EQUIPMENT

MINIMIZED DUCTWORK

HVAC
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HEATING AND COOLING LOADS

ADVANTAGES OF AN AIR-SOURCE MINI-PLIT HEAT PUMP

Zone 
by

Zone

Smaller
Size

High
E�ciency Quiet

NO
Duct
work

Unit

1 1

1

1

2

5

35

98

18

18

27

2

3

4

Total

Cooling load 
(tons)

Heating load 
(kBtu/yr))



SPECIFYING THE MINI-SPLIT HEAT PUMP SYSTEM

Outdoor model

Max # of zones 1 5

21

8.8 ~ 44.3

10.2

0.7 ~ 3.00.2 ~ 1.2

38GHQG36-3RAS-12EAV-UL

3 ~ 19

10.0

23

Cooling cap. range 
(tons)

SEER

HSPF

Air�ow (cfm) 406/438 4,531

Heating capacity
(kBtu/h)

Multi -zone Indoor combinations
Outdoor Unit Model 2-Zone

38GJQC18 ---3
9+9

9+12
In

do
or

 H
ig

h 
W

al
l

(G
R)

Size 9 12
Model (White) 40GRQB09H --3 40GRQB12H --3
Model (Silver) 40GRQB09B --3 40GRQB12B --3
Unit Width In. 37.8 37.8
Unit Height In. 12.6 12.6
Unit Depth In. 8.1 8.1
Net Weight Lbs. 30.9 30.9
Pipe Connection Size - Liquid In. 1/4" 1/4"
Pipe Connection Size - Suction In. 1/2" 1/2"
Number of Fan Speeds 7 7

Air�ow (lowest to highest) CFM 206/235/294/324/
353/383/412

265/294/353/383/
412/441/471

Sound Pressure (lowest to highest) dB(A) 22/24/26/30/34/38/41 23/25/27/31/35/39/42

In
do

or
 H

ig
h 

W
al

l
(G

J*
B)

Size 9 12
Model 40GJQB09B --3 40GJQB12B --3
Unit Width In. 34.1 34.1
Unit Height In. 11.5 11.5
Unit Depth In. 8.2 8.2
Net Weight Lbs. 24.3 24.3
Pipe Connection Size - Liquid In. 1/4" 1/4"
Pipe Connection Size - Suction In. 1/2" 1/2"
Number of Fan Speeds 7 7

Air�ow (lowest to highest) CFM 224/241/271/312/
359/394/430

224/241/271/312/
659/394/453

Sound Pressure (lowest to highest) dB(A) 23/26/30/34/36/38/42 24/26/30/34/36/38/44

In
do

or
 C

as
se

tt
e

(G
J*

C)

Size 12
Model 40GJQB12C --3
Unit Width In. 22.4
Unit Height In. 9.1
Unit Depth In. 22.4
Net Weight Lbs. 39.7
Pipe Connection Size - Liquid In. 1/4"
Pipe Connection Size - Suction In. 3/8"
Number of Fan Speeds 3
Air�ow CFM 265/294/353
Sound Pressure (lowest to highest) dB(A) 42/44/46

Indoor high wall

In
do

or
 H

ig
h 

W
al

l
(G

J*
B)

Size
Model
Unit Width
Unit Height
Unit Depth
Net Weight
Pipe Connection Size 
Pipe Connection Size 
Number of Fan Speeds

Air�ow (lowest to highest)

Sound Pressure (lowest to highest)

In
do

or
 C

as
se

tt
e

(G
J*

C)

Size
Model
Unit Width
Unit Height
Unit Depth
Net Weight
Pipe Connection Size 
Pipe Connection Size 
Number of Fan Speeds
Air�ow
Sound Pressure (lowest to highest)

In
do

or
 D

uc
te

d
(G

J*
D

)

Size
Model
Unit Width
Unit Height
Unit Depth
Net Weight
Pipe Connection Size 
Pipe Connection Size 
Number of Fan Speeds
Air�ow (lowest to highest)
Sound Pressure (lowest to highest)
Max Static Pressure

In
do

or
 F

lo
or

 C
on

so
le

(G
J*

F)

Size
Model
Unit Width
Unit Height
Unit Depth
Net Weight
Pipe Connection Size 
Pipe Connection Size 
Number of Fan Speeds

Air�ow (lowest to highest)

Sound Pressure (lowest to highest)

Indoor cassette
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MECHANICAL VENTILATION

•Achieve up to 92 cfm 
    (61 cfm is required)

•MERV 13 particle �lter 

•CO2 occupancy sensor

Zehnder comfoAir 160 ERV

Exhaust and vent

9 12
40GJQB09B --3 40GJQB12B --3

In. 34.1 34.1
In. 11.5 11.5
In. 8.2 8.2

Lbs. 24.3 24.3
In. 1/4" 1/4"
In. 1/2" 1/2"

7 7

CFM 224/241/271/312/
359/394/430

224/241/271/312/
659/394/453

dB(A) 23/26/30/34/36/38/42 24/26/30/34/36/38/44
12

40GJQB12C --3
In. 22.4
In. 9.1
In. 22.4

Lbs. 39.7
In. 1/4"
In. 3/8"

3
CFM 265/294/353
dB(A) 42/44/46

9 12
40GJQB09D --3 40GJQB12D --3

In. 24.2 24.2
In. 7.9 7.9
In. 27.6 27.6

Lbs. 48.5 50.7
In. 1/4" 1/4"
In. 3/8" 3/8"

3 3
CFM 147/176/264 176/235/323
dB(A) 31/34/37 32/35/39

In.WG. .04 .04
9 12

40GJQB09F --3 40GJQB12F --3
In. 8.5 8.5
In. 23.6 23.6
In. 27.6 27.6

Lbs. 33.1 33.1
In. 1/4" 1/4"
In. 3/8" 3/8"

7 7

CFM 188/217/253/282/
311/329/382

205/264/294/323/
353/382/441

dB(A) 25/26/30/33/36/38/40 27/32/35/37/38/40/43 22 OF 32



PROVIDE SUFFICIENT LIGHTING

REDUCE ENERGY CONSUMPTION

ENERGY-STAR EQUIPMENT
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Lighting 
Water Heating



Energy Star 
Requirement

Min Color Rendering Index 80

55

25,000

800 800 1500

25,000 40,000

84 103

80 82

Min Luminous E�cacy 
(lm/W)

Min Lifetime 
(hrs)

Min Light Output
(lm)

ENERGY STAR REQUIREMENT
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Room

Dining 342 10 3420 1500

1500

1500

1500

800

2

2 14.5 10

10

15

15

10

14.5

14.5

14.5

9.5

6

2

1

1 106

106

476

423

52

53

7

52

79

7

1362
5

1

1

1

4

2320

8680

2000

380

20

20

20

5

20

5

5

5

5

116

434

100

76

61

82

70

250

43

Kitchen

Living

Bedroom

Corridor
(1st �oor)

Bathroom

Storage
(1st �oor)

Stairway

Corridor
(2nd �oor)

Closet

Area
(sq)

Illuminance  
(lm/sq)

Lumens / 
room

(lm/sq)

Lumens 
of bulb

(lm)

Number 
of bulbs 

(ea)

Watts
(W)

Usage 
(hrs/day)

Number 
of rooms 

(ea)

Net Energy 
consump-

tion 
(kWh/yr)

1500

800

800

1500

800

15

15

5

2

2

14.5

9.5

9.5

9.5

14.5

1

1

Total

Net Energy in MMBTU/yr

1

1

1

1

21

1

1

1220

410

350

1250

215

LIGHTING DESIGN
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Demand-initiated recirculation system Rheem water heater 50 gal 

DOMESTIC HOT WATER

26 OF 32

FIXTURES SPECIFICATIONS CERTIFICATION GPM PRICE ($)

Kitchen 
faucet

Lavatory faucet

Dishwasher

Watersense 2.2 180

55

35

1.5

2.0

Watersense

Watersense



HOT WATER DELIVERY SYSTEM CALCULATIONS

Fixture Pipe segment Pipe diam. [in] Water capacity 
[oz/ft]

Pipe lenght 
[ft]

Water volume [gal]

sink
Drop from loop  1/2 1.89 1.75 0.026

1  1/2 1.89 1.06 0.016

 Total hot Water Volume [gal] 0.041

Hot Water Wait Time [sec] 1.132

Machine
Drop from loop  1/2 1.89 0.93 0.014

2  1/2 1.89 0.38 0.006

Total hot Water Volume [gal] 0.019

sink
Drop from loop  1/2 1.89 7.1 0.105

3  1/2 1.89 0.38 0.006

Total hot Water Volume [gal] 0.110

Hot Water Wait Time [sec] 4.418

-
washer

Drop from loop  1/2 1.89 26 0.384

4  1/2 1.89 1.06 0.016

Total hot Water Volume [gal] 0.400

-
ry sink

Drop from loop  1/2 1.89 4.78 0.071

5  1/2 1.89 2.56 0.038

Total hot Water Volume [gal] 0.108

Hot Water Wait Time [sec] 4.335

Drop from loop  1/2 1.89 13.38 0.198

6  1/2 1.89 2.2 0.032

Total hot Water Volume [gal] 0.230

Hot Water Wait Time [sec] 6.901

-
ry sink

Drop from loop  1/2 1.89 5.78 0.085

7  1/2 1.89 1.57 0.023

Total hot Water Volume [gal] 0.109

Hot Water Wait Time [sec] 4.341

Drop from loop  1/2 1.89 5.78 0.085

8  1/2 1.89 2.2 0.032

Total hot Water Volume [gal] 0.118

Hot Water Wait Time [sec] 3.535
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FINANCIAL ANALYSIS

CONSTRUCTION COST

Financial 
Analysis



Lighting 1%
Solar PV 8%

Roo�ng 3%

Framing 17%

Openings 8%

Site work 4%

Foundations 12%

Final 
step 12%

HVAC 5%

Exterior 

Other interior 
�nishes 27%

29 OF 32

Solar PV Energy 
e�ciency 

applications

Energy 
e�ciency (con-

struction, insula-
tion)

Unit: USD ($)

CONSTRUCTION COST BREAKDOWN TOTAL INCENTIVES

8,571

1,350

4,650
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Default 
value

Team 
estimated 

w/o 
incentives

Team 
estimated 

w/
 incentives

235K 257K 236K

Unit: USD ($)

Default 
estimated 

value

Team 
estimated 

value

377K 322K

CONSTRUCTION COST SALE PRICE



Annual interest rate 3.5%

30

12

360

$ 104,000

$ 244,000

$ 1,093

Years

Payments per year

Number of payments

Down payment

Monthly payment

Principle amount

Monthly household Debt $ 30

$ 196

$ 22

$ 541

$ 65

$ 1,093

38%

Operations and 
maintenance costs

Monthly utility costs

Property tax

Insurance

Calculated debt to 
income ratio

Mortgate payment
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LOAN BREAKDOWN DEBT TO INCOME RATIO



38% 4 years

DEBT TO INCOME RATIO PAYBACK PERIOD FOR SOLAR PV
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