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Construction

05/25/07
Author

1 Construction - Core footings 2 Construction - Core 3 Construction - Porch Module

4 Construction - Garage 5 Construction - Decking 6 Construction - PV Rack

Steel grate footings and foundations are placed
by hand for the Core.

The Core, which is itself a trailer, is driven
in from the East; set on the foundations, and
detached from the hauler.

Next, the groWalls are attached to the Core
with a fork lift. Meanwhile, the porch module
is constructed by hand with a sissor lift to
assist in lifting.

The garage module is built next via the same
method as the Porch Module.

The deck is then completed by hand.
After the solar-thermal array is put in place.

Last but not least the PV Rack and PVs
go on to the building.

Note: The disassembly process is the reverse of the construction process.
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LEGEND

Preliminary

C

Exp. Tank 

DWH

WATER PUMP

EXPANSION VALVE

CHECK VALVE

BALL VALVE

MIXING VALVE

FAN

AIR FILTER

LIQUID-LIQUID 
HEAT EXCHANGER

CONDENSER

COMPRESSOR

REVERSING VALVE

EVAPORATOR/RADIATOR/
HEAT EXCHANGER

COLD WATER CONNECTION

HOT WATER CONNECTION

DRAIN

EXPANSION TANK

DOMESTIC 
WATER HEATER

WATER TEMPERATURE SENSOR

RELATIVE HUMIDITY SENSOR

MECHANICAL EQUIPMENT SCHEDULE

HEAT PUMP

AIR FILTER

HEAT EXCHANGER 
(REHEAT)

Water Hammer Arrestor

PUMP 1
(One Time Use)

PUMP 2
(House Water Supply)

RETURN AIR GRILL

SOLAR THERMAL TANK

DWH
(Domestic Water Heater)

SUPPLY TANK

EXPANSION TANK

SOLAR COLLECTORS

Main Waste Water Tank

Waste Water 
Tank1

CD CEILING DIFFUSER

Troom

RH

Tw

ROOM TEMPERATURE SENSOR

PUMP 3 & 4
(Solar Collector & HVAC)

ERV
(Energy Recovery 

Ventilator)

ERV ENERGY RECOVERY
VENTILATOR

1 TON REF 410A
240 VAC

GE Model AZ75 
H12DAC

20" x 20" x 1"

Lytron
Model: M12-120

Goulds
1 HP (746W)

120 VAC
Model: JS10

Myers
36 Gallons

Model: MPD36

Evacuate Tube 
Collectors

20 Tube x 6 EA

556 gallons
Plastic Bladder

108" x 108" x 11"

Plastic Bladder 
Tank

93 Gallons
30" x 65" x 11"

American Water 
Heaters (Model: 
E62-30L-045DV)

28 Gallons 
240 VAC Insulated

RenewAire
Model: EV-70

70 CFM
120 VAC

HEAT REJECTION COIL

Siox Chief ½” MIP 
Water Hammer, Carded

(or equivalent)

Goulds
1/2 HP (373 W)

120 VAC
Model: JS5

TACO
1/8 HP (93 W)

120 VAC
Model: 010

Aluminum
20" x 20"

440 gallons
Plastic Bladder
96" x 96" x 11"

Waste Water 
Tank2

Waste Water 
Tank3

Waste Water 
Tank4

Waste Water 
Tank5

Plastic Bladder 
Tank

31 Gallons
30" x 22" x 11"

Plastic Bladder 
Tank

103 Gallons
36" x 60" x 11"

Plastic Bladder 
Tank

200 Gallons
70" x 60" x 11"

Plastic Bladder 
Tank

103 Gallons
36" x 60" x 11"

Stainless Steel
Tank

204 Gallons
21" x 34" x 72"

Apricus Heat 
Rejecion Coil

Dehumidifier
LG

Model: LHD65EBL
65 Pint

120 VAC
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Preliminary

SUPPLY DUCT LAYOUT

SECTION VIEW M1: SUPPLY DUCT LAYOUT

House Isometric view

MECHANICAL ROOM 1 ELEVATION

10" ROUND DUCT

75 cfm

75 cfm

75 cfm

75 cfm 25 cfm

25 cfm

75 cfm

75 cfm

ERV

SECTION
VIEW M1

Heat
Pump

CD1 CD2 CD3 CD4

RETURN AIR GRILLE WITH FILTER

RETURN AIR

SOLAR HEAT 
EXCHANGER

18"

WASHER AND DRYER
(INSIDE)

SOLAR HEAT 
EXCHANGER

TO WASTE WATER
TANK 2

ELECTR.
PANEL

SOLAR THERMAL 
COLLECTORS

MECHANICAL ROOM 2

WASHER DRAIN

VENT

MECHANICAL ROOM 1

Heat Pump

DEHUMIDIFIER
(INSIDE)
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Preliminary

HOUSE

Return GRILLE

Supply
Duct

C

Bathroom DRYER

HVAC
Controller

To 
Solar

Thermal
Tank

RH

HVAC SYSTEM SCHEMATIC

HVAC CONTROL LOGIC

START

DEHUMIDIFYRH>55

COOL AND 
DEHUMIDIFYTroom>76

USE HEAT PUMP 
FOR HEATING

USE SOLAR HEAT 
EXCHANGER FOR 

HEATING
Tsol.ther.>100Troom<72

Return

NO

NO

NO

NO

YES

YES

YESYES

MODE
SOLAR HEAT 
EXCHANGER

(see M2)

PUMP 4
(see M4)

A/C
MODE

(see M3)

HEAT PUMP 
MODE

(see M3)

Dehumidifier
(see M3)

4. DEHUMIDIFY

3. COOL AND 
DEHUMIDIFY

2. HEAT WITH
HEAT PUMP

1. HEAT W/ SOLAR
HEAT EXCHANGER

ON ON

OFF

ON

ON

OFF

OFF

ON

OFF

OFF

OFF

OFFOFF

OFF

OFF

OFF

OFFOFF OFF OFF

HVAC CONTROL LOGIC TABLE

CONTROL WIRINGAIR FLOW DIRECTIONREFRIGERANT LOOP

FROM 
Solar 

Thermal 
Tank

ERV

Troom

Dehumidifier
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Preliminary

M4
SOLAR THERMAL COLLECTOR CONTROL LOGIC

S
ol

ar
 C

ol
le

ct
or

s

Pump

Pump

Controller

NOTE :
Solar collectors are six (6) 20-tube thermal collector panel , installed vertically facing south.

Pump

Tw2

Tw1

Tw3

Pump

Heat Rejection
(Overheat Protection)

Control
Valve

Tw1>36

Tw1<(Tw2+7)Tw1>60F

Mode: Heat RejectionTw3>205F

NO

NO NO

YES

Mode: Solar Water
Heating

NO

Mode: Freeze
Protection

Return

Mode

Heat Rejection

Freeze Protection

Solar Water Heating

ON

ON

ON

Control Valve

OPEN

Mode: No Solar Water
Heating

No Solar Water Heating OFF OPEN

Mode: No Solar Water
Heating

SOLAR THERMAL SYSTEM AN LYSIS (F-CHART SIMULATION)

F-CHART SYSTEMS ANALYSIS

1"

1"

3/4"

"

3/4"

3/4"
3/4"

3/4"

3/4"

1/2"

1/2" 1/2" 1/2" 1/2" 1/2"

1/2"

1/2"

1/2"
1/2" 1/2" 1/2"

1/2"

3/4"

3/4"

1"

3/4"

3/4"

"

"

"

""

"

"

1/2"

1/2"

Tw

0

1

2

3

4

5

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

M
M
Bt
u

Solar Energy Available

Loads (Space Heating + DHW)

Loads (DHW)

Space Heating + DHW Space Heating DHW
MMBtu MMBtu MMBtu MMBtu MMBtu

Jan 1.3 4.7 4.1 0.6 3.4

Feb 1.2 4.6 4.0 0.6 3.4
Mar 1.1 3.0 2.4 0.6 1.9
Apr 0.8 1.4 0.8 0.6 0.6
May 0.5 0.6 0.1 0.5 0.1
Jun 0.5 0.5 0.0 0.5 0.0
Jul 0.4 0.4 0.0 0.4 0.0
Aug 0.4 0.4 0.0 0.4 0.0
Sep 0.4 0.4 0.0 0.4 0.0
Oct 1.1 1.1 0.6 0.5 0.0
Nov 1.3 2.5 2.0 0.5 1.2
Dec 1.3 4.9 4.3 0.6 3.6
Year 10.3 24.5 18.3 6.2 14.2

Houston, TX

Month
Loads

Solar Energy Available Aux. Energy Needed
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07/22/07
Eduardo Ramirez

PRODUCED BY AN AUTODESK STUDENT PRODUCT
P

R
O

D
U

C
E

D
 B

Y
 A

N
 A

U
TO

D
E

S
K

 S
TU

D
E

N
T P

R
O

D
U

C
T

PRODUCED BY AN AUTODESK STUDENT PRODUCT
P

R
O

D
U

C
E

D
 B

Y
 A

N
 A

U
TO

D
E

S
K

 S
TU

D
E

N
T 

P
R

O
D

U
C

T

Preliminary

COLD AND HOT WATER DISTRIBUTION

SECTION VIEW 
OF A GRO-WALLWASTE WATER RISER DIAGRAMWASTE WATER TANKS LAYOUT

SUPPLY TANK 

PUMPS AND 
EXPANSION TANK

(SEE M4)

SOLAR
THERMAL 

TANK

KITCHEN SINK

DISHWASHER LAVATORY 
WATER
CLOSET

DWH

SOLAR HEAT EXCHANGER
HEAT PUMP DRAIN

SHOWER

UNDER REMOVABLE DECK

6" DIAMETER CAP 

SOLAR COLLECTOR (6)

WASTE WATER
TANK 1

WASTE WATER
TANK 2

VENT

WASTE
WATER 
TANK

GRO-WALL ROOF

GRADE

VENT

VENT

KITCHEN/DINING LIVING ENTRANCE BATHROOM/BEDROOM MECHANICAL
ROOM 1

2"1.5"

1.5"

1.5"2"

3"

SINK

DISH-
WASHER LAVATORY

WATER
CLOSET

SHOWER

WASHER

2"

2"
2"

1.5"

VENT

2"

H

DHWS

SHES
SHER

C = COLD

DWHS = DOMESTIC WATER HEATER SUPPLY

SHES = SOLAR HEAT EXCHANGER SUPPLY

SHER = SOLAR HEAT EXCHANGER RETURN

H = HOT

WASTE WATER 
TANK 2

WASTE WATER 
TANK 3

WASTE WATER 
TANK 4

WASTE WATER 
TANK 5

WASTE WATER 
TANK 1

WASTE WATER
TANK 4

WASTE WATER
TANK 5

MAIN
WASTE
WATER
TANK

C

NOTES:

1. Solar collectors are six (6) 20-tube thermal 
collector panels, installed vertically facing south.
(See M2)

2.  A water hammer arrestor has been included in 
ALL pipelines feeding.

3.  All pipelines are located inside the bottom beam 
of the house structure.

4.  Vents will be provided at the highest point of 
each Gro-wall (not through the roof).

5.  Tanks 1,2,3, 4, and 5 are plastic bladder tanks.  
This tanks will store the waste water used through 
the Solar Decathlon 2007 Competition.  As soon as 
the competition ends, a removable pump (PUMP 1) 
with a rubber hose will pump the waste water from 
each tank to a MAIN WASTE WATER TANK.  The 
organizers will have to remove water from two tanks: 
the SUPPLY TANK and the MAIN WASTE WATER 
TANK.

MAIN
WASTE
WATER
TANK

WASTE WATER
TANK 3

HEAT
PUMP DEHUMIDIFIER

DEHUMIDIFIER DRAIN

H
C

3/4"
3/4"

1"

































Scale

Solar Decathlon
Date
Drawn by
Checked by

2007

5/
25

/2
00

7 
3:

05
:5

5 
PM

S100

Core - Overview ISO

05/23/07
TG

Checker

1 Core - Overview ISO



Level 1
0' - 0"

Mid Level
8' - 4 3/4"

3 4 5 6 7

Level 2
10' - 8 3/4"

10' - 5"5' - 5"10' - 5"10' - 5"

1
S203

S101.1
1

2
S103

S101.1
4

2
S701CB

10' - 5"

S101.1
3

1
S103

1
S701

Scale

Solar Decathlon
Date
Drawn by
Checked by

2007

 1/4" = 1'-0"

5/
25

/2
00

7 
3:

06
:0

1 
PM

S101

Core - Elevations

05/23/07
TG

Checker

 1/4" = 1'-0"
1 Core - South Elev.
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2 Core - West Elev.

4

1

2

3

5

6

1

7

3

2
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thick 11'-9" long

Split W 8-3/4" - 10'-1"
long
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long

W 12-9/16"x3-1/2" - 37' long
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Split W 3-3/4" - 5'-1" long6

Split W 8-3/4" - 10'-5/8" long7
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3 Core - Elev. Detail side

 1 1/2" = 1'-0"
4 Copy of Core - Elev. Detail middle

Split W 8-3/4" - 10'-1" long
welded to Core-Column(2)

Core-Column: 4" 3GA TUB STL

Split W 3-3/4" welded
to Core-Column(2)

W 12-9/16"x3-1/2" - 37' long1
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Split W 8-3/4" - 10'-5/8" long
welded to Core-Column(2)5
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 1 1/2" = 1'-0"
1 Core - Sect. Detail end

 1 1/2" = 1'-0"
2 Core - Sect. Detail middle

 1 1/2" = 1'-0"
3 Core - Sect. Detail side

Split W 8-3/4" - 10'-1" long welded to
Core-Column(2)

Core-Column: 4" 3GA TUB STL

Split W 3-3/4" - 10'-1" long, welded to
Core-Column(2)

W 12-9/16"x3-1/2" - 37' long

Split W 8-3/4" - 10'-5/8" long
welded to Core-Column(2)
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All connections welded.
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 3/4" = 1'-0"
1 Core - Column Front

 3" = 1'-0"
2 Column Front Details

2
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3
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 3GA STL TUB 3.5" OD
- 5-3/4" long, welded
into(2)

3GA STL TUB 4" OD -
11'-9" long

Utility chase, cut from
column 1-3/4" x 4-1/4"
STL stud 1/2"dia. X" long
TYP - welded into drilled
1/2" hole
midBeam connection
point

1

2
3
4

5
6 groWall connection

point, 9/16" DIA holes in
column
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1 Study - North Elevation
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1

1 STL tube 4" OD 1/4
thick 5'-8 3/8" long8

Typ. mid beam stirrup1
Typ. mid beam
at 25 degree angle2

Typ. groBeam bolted to
groPlate3

Typ. groJoint with 2
groBeam connections
and a top and bottom
column connection

4

Typ. groColumn
9'-11 3/4" tall5

Core Column ref: S104.16
Typ. groPlate7
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1 Study - Detail - East Elevation
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2 Study - Detail - Section North 3 S200 - Detail
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1 Study - Site Plan
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2 Study - Mid Level

1 2

3

Typ. groBeam to
groJoint connection
using the groPlate

1

Typ. midBeam to
groColumn connection
using a Saddle
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Connections where
groBeam and
midBeam attach to the
Core using groPlates
and Saddles
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1 Study - Section East
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2 Study - Section North
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1 Garage - North Elev.

 1/4" = 1'-0"
2 Garage - West Elev.

All connections from
groBeam to groJoint
are Typ. with the Typ.
groPlate
and bolts

All connections from
angled midBeam to
Column are Typ. with
the Typ. Saddle and
bolts
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 1/4" = 1'-0"
1 Garage - South Elev.

 1/4" = 1'-0"
2 Garage - Section

NOTE:
No groBeam on the
bottom of the south side
of the garage in order for
the electric car to drive in

All connections from
groBeam to groJoint
are Typ. with the Typ.
groPlate
and bolts

All connections from
angled midBeam to
Column are Typ. with
the Typ. Saddle and
bolts
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groWall - Connection
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1 groWall - Connections Overview
 3/4" = 1'-0"

2 groWall - Typical Connection Detail

2

3

1
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6

The groWall is attached to the main structure in to ways:

A) Pins are inserted through the structure into a column
on 18" centers and fixed in place with cotter pins.

B) To the groJoint or Core-Column(4) with a groPlate(5)
attached to a groBeam(6) which is part of the welded
groWall frame.

This connection method is typical for all groWalls.

A

B

1/2" x 5" Hitch Pin with cotter pin hole2
Typical midBeam1

Core-Column or groColumn3

groPlate5

Joint with welded studs on Core-Column or groColumn4

groBeam (welded to groWall frame)6
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Variations
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1 groWall - Typical Configuration

 1/4" = 1'-0"
2 groWall - Kitchen

 1/4" = 1'-0"
3 groWall - Bathroom

 1/4" = 1'-0"
6 groWall - Edutainment

Kitchen, Edutainment, and Bathroom groWalls are
standard groWall configurations. All structural members are
similar except for window openings.
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Elevations
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 3/4" = 1'-0"
1 groWall - South Elev.

 3/4" = 1'-0"
2 groWall - East Elev.

 3/4" = 1'-0"
3 groWall - Typical Bottom Section

groPlate1
groBeam (welded to
groWall frame via
floor  joists(8))

2

1/2" x 5" Hitch Pin with
cotter pin hole

3

11GA 2x4" TUB STL
w/ 9/16" DIA holes on
18" centers

4

11GA 2x2" TUB STL
welded at top and
bottom

5

11GA 2x4" TUB STL6
11GA 2x6" TUB STL7
11GA 2x2" STL Angle8
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 3/4" = 1'-0"
1 groWall - Bedroom

 3/4" = 1'-0"
2 groWall - Bedroom E

 3/4" = 1'-0"
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The Control groWall is unique becuase it carries far more weight than a standard groWall. Two supports
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