
A Year in the Delta-T-90:
Post Occupancy Data from the Westcott 

Center for Architecture and Design



 


Norwich University ∆T90 Solar Decathlon Team
c/o Matt Lutz  

Northfield, Vermont
(802)-793-6363  



48 billion  
BTU’s =  
annual  
heating 
demand 
 
 

6th	  	   80%	  

heat	  demand	  
sa.sfied	  by	  
petroleum-‐

based	  
products	  



housing	  
stock	  	  
built	  	  
prior	  
	  to	  	  
1979	  

	  
	  	  

63%	  
	  

households	  
earning	  under	  	  

$41,000	  
pay	  more	  than	  
1/3	  of	  their	  	  
Income	  

for	  housing	  	  
needs	  

82%	  



exis.ng	  
affordable	  
housing	  
	  stock	  

	  	  

18%	  



minimum wage  x  (2)    =   1000 sq.ft. of high performance architecture   +   5.8 kw PV array



minimum wage  x  (2)    =   1000 sq.ft. of high performance architecture   +   5.8 kw PV array



villa économie  





EAST MODULE
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ENTRY DOOR SHADE
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architecture as sport Solar Decathlon 2009
Most Expensive House = $849,000

(estimated)
Solar Decathlon 2011

Least Expensive House = $249,000
(estimated)

 Solar Decathlon 2013
Vermont’s ∆T90 = $168,385

(estimated)
 



Assembly Building Assembly Description

1 Floor

     Surface Film Resistance, R       Interior: 0.97 (hr.ft2.F/BTU)

Exterior: 0.23

Resistivity
R per inch

Resistivity
R per inch

Resistivity
R per inch

Thickness 
[in]

1. Wood Laminate 1.280 0.500

2. Plywood Sheathing 1.390 1.125

3. Cellulose 3.800 Stud 2x1412 1.280 11.250

4. Plywood Sheathing 1.390 0.500

5. Moisture barrier

6.    

7.
8.

Percentage of Mat'l 2 Percentage of Mat'l 3 Total Width  

12.5% 13.4 in

R-Value: 38.9 (hr.ft2.F/BTU)

U-Value: 0.0257 (BTU/hr.ft2.F)

Assembly Building Assembly Description

2 Wall

     Surface Film Resistance, R       Interior: 0.74 (hr.ft2.F/BTU)

Exterior: 0.45

Resistivity
R per inch

Resistivity
R per inch

Resistivity
R per inch

Thickness 
[in]

1. Drywall 0.910 0.625

2. Cellulose 3.800 Stud 2x4 1.280 11.250

3. OSB 1.390 0.500

4. Mineral Wool 4.230   2.000

5. moisture barrier     

6.      

7.    

8.
Percentage of Mat'l 2 Percentage of Mat'l 3 Total Width  

12.5% 1.0% 14.4 in

R-Value: 46.2 (hr.ft2.F/BTU)

U-Value: 0.0217 (BTU/hr.ft2.F)

Assembly Building Assembly Description

3 Roof

     Surface Film Resistance, R       Interior: 0.57 (hr.ft2.F/BTU)

Exterior: 0.45

Resistivity
R per inch

Resistivity
R per inch

Resistivity
R per inch

Thickness 
[in]

1. Drywall 0.910 0.500

2. Cellulose 3.800 studs 1.280 14.000

3. Plywood 1.470 0.750

4. roxul 4.230    4.000

5.    

6. EPDM 0.850  0.125

7.
8.

Percentage of Mat'l 2 Percentage of Mat'l 3 Total Width  

12.5%  19.4 in

R-Value: 63.7 (hr.ft2.F/BTU)

U-Value: 0.0157 (BTU/hr.ft2.F)

Primary Material
(Enter from interior to exterior)

Secondary Material
(optional)

Tertiary Material 
(optional)

Primary Material
(Enter from interior to exterior)

Secondary Material
(optional)

Tertiary Material 
(optional)

Primary Material
(Enter from interior to exterior)

Secondary Material
(optional)

Tertiary Material 
(optional)



15,000	  BTU	  ductless,	  clg	  mounted	  unit.	  
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-23 72 23: PACKAGED AIR-TO-AIR ENERGY RECOVERY
SYSTEMS
-23 81 26: SPLIT-SYSTEM AIR CONDITIONERS

REFERENCE KEYNOTES

GENERAL SHEET NOTES
- DECKS, RAILINGS AND WATER TANKS OMITTED FOR
CLARITY
- DIMENSIONS TAKEN FROM OUTSIDE FACE OF STUD
- REFERENCE M-104 AND M-105 FOR LUNOS
ELEVATIONS
-SPOT ELEVATIONS ARE FROM T.O. SUB FLOOR

No. Description Date

3	  pairs	  -‐	  Lunos	  e2	  system	  



PHPP 2007, Verification NU_∆t90_postdoc.xlsx

Energy Demands with Reference to the Treated Floor Area

Treated Floor Area: 790 ft2

Applied: Monthly Method PH Certificate: Fulfilled?

Specific Space Heat Demand: 9.12 kBTU/(ft²yr) 4.75 kBTU/(ft²yr) No

Pressurization Test Result: 0.30 ACH50 0.6 ACH50 Yes

Specific Primary Energy Demand
(DHW, Heating, Cooling, Auxiliary and Household Electricity): 48.0 kBTU/(ft²yr) 38.0 kBTU/(ft²yr) No

Specific Primary Energy Demand
(DHW, Heating and Auxiliary Electricity): 31.1 kBTU/(ft²yr)

Specific Primary Energy Demand
Energy Conservation by Solar Electricity: 37.1 kBTU/(ft²yr)

Heating Load: 6.55 BTU/(ft2hr)
Frequency of Overheating: % over 77.0 °F

Specific Useful Cooling Energy Demand: 0.10 kBTU/(ft²yr) 4.75 kBTU/(ft²yr) Yes

Cooling Load: 2.10 BTU/(ft2hr)

VERMONT	  

OHIO	  

PHPP 2007, Window NU_∆t90_postdoc.xlsx

Heating Degree Days:

7237

Transmission 
Losses

Heat Gains 
Solar 

Radiation

kBTU/yr kBTU/yr
350 66
1182 482
2546 6088
1380 1024
344 183

5802 7843

PHPP 2007, Window NU_∆t90_postdoc.xlsx

Climate: PHIUS Burlington Data

Window Area 
Orientation

Global 
Radiation 
(Cardinal 
Points)

Shading Dirt Non-Perpendicular Incident 
Radiation Glazing Fraction

maximum: kBTU/ft²yr 0.75 0.95

North 41 0.76 0.95 0.85
East 99 0.72 0.95 0.85
South 180 0.96 0.95 0.85
West 98 0.82 0.95 0.85

Horizontal 154 0.59 0.95 0.85

Total or Average Value for All Windows.

0.85

opFmized/?	  

PHPP 2007, Verification NU_∆t90_final_OH_107.xlsx

Energy Demands with Reference to the Treated Floor Area

Treated Floor Area: 790 ft2

Applied: Monthly Method PH Certificate: Fulfilled?

Specific Space Heat Demand: 4.99 kBTU/(ft²yr) 4.75 kBTU/(ft²yr) No

Pressurization Test Result: 0.30 ACH50 0.6 ACH50 Yes

Specific Primary Energy Demand
(DHW, Heating, Cooling, Auxiliary and Household Electricity): 46.3 kBTU/(ft²yr) 38.0 kBTU/(ft²yr) No

Specific Primary Energy Demand
(DHW, Heating and Auxiliary Electricity): 27.9 kBTU/(ft²yr)

Specific Primary Energy Demand
Energy Conservation by Solar Electricity: 37.1 kBTU/(ft²yr)

Heating Load: 5.74 BTU/(ft2hr)
Frequency of Overheating: % over 77.0 °F

Specific Useful Cooling Energy Demand: 0.20 kBTU/(ft²yr) 4.75 kBTU/(ft²yr) Yes

Cooling Load: 1.87 BTU/(ft2hr)



buy  it now    =   12 day construction time









Everyone	  stays	  happy	  
(inside)	  

































































	  	  

How	  did	  the	  ∆T90	  perform?	  



Winner,	  Solar	  Decathlon	  2013,	  Team	  Austria	  



(1)	  	  of	  these	  =	  (1)	  ∆T90	  House	  	  +	  $100,000	  





Lot 

Number Team

PV Produced 

(kWh)

PV System 

Size (kW)

Net house 

production 

(kWh)

House 

consumption 

(kWh)

105 Norwich 94.68 5.97 15.01 79.67
109 Team Austria 311.45 8.62 217.94 93.51
114 Las Vegas 228.88 6.75 94.40 134.48
103 Czech Republic 205.02 6.11 59.21 145.81
102 Stevens 160.18 6.34 5.53 154.66
104 Stanford 166.95 6.48 11.25 155.70
101 SCI-Arc/Caltech 178.63 6.10 14.17 164.46
118 Santa Clara 193.20 7.14 24.08 169.12
117 AZ State/New Mexico 305.72 8.82 121.46 184.25
107 Missouri S&T 361.80 11.56 176.99 184.81
115 Team Capitol DC 283.00 7.84 95.91 187.09
112 North Carolina 279.08 9.18 85.89 193.19
116 Team Alberta 323.13 10.00 119.55 203.58
110 Middlebury College 245.88 6.20 38.90 206.98
111 U of So Cal 247.25 8.16 20.93 226.32
120 Team Ontario 270.30 7.80 38.01 232.29
113 Kentucky/Indiana 287.10 7.40 39.93 247.17
106 Team Texas 285.12 8.30 20.83 264.28
119 West Virginia 341.30 8.50 36.45 304.85

Time period for data shown is the contest period for Solar Decathlon 2013
PV Production data collected using PM870 meters at each team's utility panel.
Net House Production data collected using utility meters installed as part of competition. 
House consumption determined by subtracting net house production from PV produced. 
PV System Size taken from team Project Manuals and was not independently verified on site.

U.S. Department of Energy Solar Decathlon 2013



Lot 

Number Team

PV Produced 

(kWh)

PV System 

Size (kW)

Net house 

production 

(kWh)

House 

consumption 

(kWh)

105 Norwich 94.68 5.97 15.01 79.67
109 Team Austria 311.45 8.62 217.94 93.51
114 Las Vegas 228.88 6.75 94.40 134.48
103 Czech Republic 205.02 6.11 59.21 145.81
102 Stevens 160.18 6.34 5.53 154.66
104 Stanford 166.95 6.48 11.25 155.70
101 SCI-Arc/Caltech 178.63 6.10 14.17 164.46
118 Santa Clara 193.20 7.14 24.08 169.12
117 AZ State/New Mexico 305.72 8.82 121.46 184.25
107 Missouri S&T 361.80 11.56 176.99 184.81
115 Team Capitol DC 283.00 7.84 95.91 187.09
112 North Carolina 279.08 9.18 85.89 193.19
116 Team Alberta 323.13 10.00 119.55 203.58
110 Middlebury College 245.88 6.20 38.90 206.98
111 U of So Cal 247.25 8.16 20.93 226.32
120 Team Ontario 270.30 7.80 38.01 232.29
113 Kentucky/Indiana 287.10 7.40 39.93 247.17
106 Team Texas 285.12 8.30 20.83 264.28
119 West Virginia 341.30 8.50 36.45 304.85

Time period for data shown is the contest period for Solar Decathlon 2013
PV Production data collected using PM870 meters at each team's utility panel.
Net House Production data collected using utility meters installed as part of competition. 
House consumption determined by subtracting net house production from PV produced. 
PV System Size taken from team Project Manuals and was not independently verified on site.

U.S. Department of Energy Solar Decathlon 2013



Lot 

Number Team

PV Produced 

(kWh)

PV System 

Size (kW)

Net house 

production 

(kWh)

House 

consumption 

(kWh)

105 Norwich 94.68 5.97 15.01 79.67
109 Team Austria 311.45 8.62 217.94 93.51
114 Las Vegas 228.88 6.75 94.40 134.48
103 Czech Republic 205.02 6.11 59.21 145.81
102 Stevens 160.18 6.34 5.53 154.66
104 Stanford 166.95 6.48 11.25 155.70
101 SCI-Arc/Caltech 178.63 6.10 14.17 164.46
118 Santa Clara 193.20 7.14 24.08 169.12
117 AZ State/New Mexico 305.72 8.82 121.46 184.25
107 Missouri S&T 361.80 11.56 176.99 184.81
115 Team Capitol DC 283.00 7.84 95.91 187.09
112 North Carolina 279.08 9.18 85.89 193.19
116 Team Alberta 323.13 10.00 119.55 203.58
110 Middlebury College 245.88 6.20 38.90 206.98
111 U of So Cal 247.25 8.16 20.93 226.32
120 Team Ontario 270.30 7.80 38.01 232.29
113 Kentucky/Indiana 287.10 7.40 39.93 247.17
106 Team Texas 285.12 8.30 20.83 264.28
119 West Virginia 341.30 8.50 36.45 304.85

Time period for data shown is the contest period for Solar Decathlon 2013
PV Production data collected using PM870 meters at each team's utility panel.
Net House Production data collected using utility meters installed as part of competition. 
House consumption determined by subtracting net house production from PV produced. 
PV System Size taken from team Project Manuals and was not independently verified on site.

U.S. Department of Energy Solar Decathlon 2013





























PV_PRODUCTION
ACTUAL&
kWh

ESTIMATED&
kWh

Apr114 280 beginning&ap.15 400
May114 548 548
Jun114 455 455
Jul114 486 486
Aug114 215 missing&data&Aug&12&1&aug&26 430
Sep114 354 354
Oct114 205 205
Nov114 118 118
Dec114 81 81
Jan115 111 111
Feb115 111 111
Mar115 329 329
Apr115 416 416

3709 4044

CONSUMPTION
ACTUAL&
kWh

ESTIMATED&
kWh

Apr114 34 beginning&ap.15 90
May114 184 184
Jun114 223 223
Jul114 203 203
Aug114 68 missing&data&Aug&12&1&aug&26 140
Sep114 191 191
Oct114 144 144
Nov114 350 350
Dec114 384 384
Jan115 402 402
Feb115 459 459
Mar115 343 343
Apr115 175 175

3126 3288

NREL’s	  PV	  Wa[s	  Calculator	  	  

Very	  li[le	  hot	  water	  demand,	  primarily	  space	  
heaFng	  	  /	  cooling	  



Month&/&Year AVG.Int.&RH. AVG.&Int.&Temp.& AVG.&Ext.&Temp.&

Nov:14 31% 72.26˚F 33.76˚F

Dec:14 28.51% 71.54˚F 35.5˚F

Jan:15 24.05% 66.83˚F 26.4˚F

Feb:15 19% 65.64˚F 20˚F

Mar:15 25.72% 66.95˚F 38.4˚F

Apr:15 40.52% 68.87˚F 56.05˚F

Avg.	  int.	  temp.	  	  
69˚F	  



PHPP 2007, Verification NU_∆t90_final.xlsx

Energy Demands with Reference to the Treated Floor Area

Treated Floor Area: 790 ft2

Applied: Monthly Method PH Certificate: Fulfilled?

Specific Space Heat Demand: 10.55 kBTU/(ft²yr) 4.75 kBTU/(ft²yr) No

Pressurization Test Result: 3.82 ACH50 0.6 ACH50 No

Specific Primary Energy Demand
(DHW, Heating, Cooling, Auxiliary and Household Electricity): 50.6 kBTU/(ft²yr) 38.0 kBTU/(ft²yr) No

Specific Primary Energy Demand
(DHW, Heating and Auxiliary Electricity): 32.2 kBTU/(ft²yr)

Specific Primary Energy Demand
Energy Conservation by Solar Electricity: 37.1 kBTU/(ft²yr)

Heating Load: 12.18 BTU/(ft2hr)
Frequency of Overheating: % over 77.0 °F

Specific Useful Cooling Energy Demand: 0.17 kBTU/(ft²yr) 4.75 kBTU/(ft²yr) Yes

Cooling Load: 1.78 BTU/(ft2hr)

PHPP 2007, Verification NU_∆t90_final.xlsx

Energy Demands with Reference to the Treated Floor Area

Treated Floor Area: 790 ft2

Applied: Monthly Method PH Certificate: Fulfilled?

Specific Space Heat Demand: 5.77 kBTU/(ft²yr) 4.75 kBTU/(ft²yr) No

Pressurization Test Result: 0.60 ACH50 0.6 ACH50 Yes

Specific Primary Energy Demand
(DHW, Heating, Cooling, Auxiliary and Household Electricity): 46.8 kBTU/(ft²yr) 38.0 kBTU/(ft²yr) No

Specific Primary Energy Demand
(DHW, Heating and Auxiliary Electricity): 28.4 kBTU/(ft²yr)

Specific Primary Energy Demand
Energy Conservation by Solar Electricity: 37.1 kBTU/(ft²yr)

Heating Load: 6.41 BTU/(ft2hr)
Frequency of Overheating: % over 77.0 °F

Specific Useful Cooling Energy Demand: 0.17 kBTU/(ft²yr) 4.75 kBTU/(ft²yr) Yes

Cooling Load: 1.78 BTU/(ft2hr)

PHPP 2007, Verification NU_∆t90_final_OH_107.xlsx

Energy Demands with Reference to the Treated Floor Area

Treated Floor Area: 790 ft2

Applied: Monthly Method PH Certificate: Fulfilled?

Specific Space Heat Demand: 4.99 kBTU/(ft²yr) 4.75 kBTU/(ft²yr) No

Pressurization Test Result: 0.30 ACH50 0.6 ACH50 Yes

Specific Primary Energy Demand
(DHW, Heating, Cooling, Auxiliary and Household Electricity): 46.3 kBTU/(ft²yr) 38.0 kBTU/(ft²yr) No

Specific Primary Energy Demand
(DHW, Heating and Auxiliary Electricity): 27.9 kBTU/(ft²yr)

Specific Primary Energy Demand
Energy Conservation by Solar Electricity: 37.1 kBTU/(ft²yr)

Heating Load: 5.74 BTU/(ft2hr)
Frequency of Overheating: % over 77.0 °F

Specific Useful Cooling Energy Demand: 0.20 kBTU/(ft²yr) 4.75 kBTU/(ft²yr) Yes

Cooling Load: 1.87 BTU/(ft2hr)

PHPP 2007, Verification NU_∆t90_final_OH_107.xlsx

Energy Demands with Reference to the Treated Floor Area

Treated Floor Area: 790 ft2

Applied: Monthly Method PH Certificate: Fulfilled?

Specific Space Heat Demand: 5.94 kBTU/(ft²yr) 4.75 kBTU/(ft²yr) No

Pressurization Test Result: 1.00 ACH50 0.6 ACH50 No

Specific Primary Energy Demand
(DHW, Heating, Cooling, Auxiliary and Household Electricity): 46.9 kBTU/(ft²yr) 38.0 kBTU/(ft²yr) No

Specific Primary Energy Demand
(DHW, Heating and Auxiliary Electricity): 28.5 kBTU/(ft²yr)

Specific Primary Energy Demand
Energy Conservation by Solar Electricity: 37.1 kBTU/(ft²yr)

Heating Load: 7.00 BTU/(ft2hr)
Frequency of Overheating: % over 77.0 °F

Specific Useful Cooling Energy Demand: 0.20 kBTU/(ft²yr) 4.75 kBTU/(ft²yr) Yes

Cooling Load: 1.87 BTU/(ft2hr)

first	  blower	  door	  test	  (data)	  	  
-‐	  int.	  temp	  data	  collected	  during	  heaFng	  season	  

second	  blower	  door	  test	  –	  acer	  correcFve	  	  
air	  sealing	  	  	  
-‐	  projected	  performance	  2016	  heaFng	  
season	  

PH	  standard	  	  	  	  

And…..	  what	  we	  thought	  	  the	  ∆T90	  
would	  test	  when	  we	  were	  building	  it……	  



















Month&/&Year AVG.Int.&RH. AVG.&Int.&Temp.& AVG.&Ext.&Temp.&

Nov:14 31% 72.26˚F 33.76˚F

Dec:14 28.51% 71.54˚F 35.5˚F

Jan:15 24.05% 66.83˚F 26.4˚F

Feb:15 19% 65.64˚F 20˚F

Mar:15 25.72% 66.95˚F 38.4˚F

Apr:15 40.52% 68.87˚F 56.05˚F

Avg.	  int.	  temp.	  	  
69˚F	  

with	  3.82ACH50	  



PV_PRODUCTION
ACTUAL&
kWh

ESTIMATED&
kWh

Apr114 280 beginning&ap.15 400
May114 548 548
Jun114 455 455
Jul114 486 486
Aug114 215 missing&data&Aug&12&1&aug&26 430
Sep114 354 354
Oct114 205 205
Nov114 118 118
Dec114 81 81
Jan115 111 111
Feb115 111 111
Mar115 329 329
Apr115 416 416

3709 4044

CONSUMPTION
ACTUAL&
kWh

ESTIMATED&
kWh

Apr114 34 beginning&ap.15 90
May114 184 184
Jun114 223 223
Jul114 203 203
Aug114 68 missing&data&Aug&12&1&aug&26 140
Sep114 191 191
Oct114 144 144
Nov114 350 350
Dec114 384 384
Jan115 402 402
Feb115 459 459
Mar115 343 343
Apr115 175 175

3126 3288Energy	  consumpFon	  while	  maintaining	  
avg.	  interior	  temperature	  of	  69˚F	  with	  
3.82ACH50	  



Average Interior Temperature : 69˚F
Average Exterior Temperature: 33˚F
 
Percent time interior temperature is above 72˚F: 12.62%
Percent time interior temperature is below 68˚F: 50.6%
Percent time interior temperature is between 68˚F and 72˚F: 36.78%
 
Percent time interior temperature is above 75˚F: .7%
Percent time interior temperature is below 64˚F: 7.48%
Percent time interior temperature is between 64˚F and 75˚F: 98.6%
 
Average interior RH: 27.2%
Percent time interior RH is above 50%: 5.46%
Percent time interior RH is below 40%: 93.44%
Percent time interior RH is between 50% and 40%: 1.1%
	  



Average Interior Temperature : 69˚F
Average Exterior Temperature: 33˚F
 
Percent time interior temperature is above 72˚F: 12.62%
Percent time interior temperature is below 68˚F: 50.6%
Percent time interior temperature is between 68˚F and 72˚F: 36.78%
 
Percent time interior temperature is above 75˚F: .7%
Percent time interior temperature is below 64˚F: 7.48%
Percent time interior temperature is between 64˚F and 75˚F: 98.6%
 
Average interior RH: 27.2%
Percent time interior RH is above 60%: 5.46%
Percent time interior RH is below 40%: 93.44%
Percent time interior RH is between 60% and 40%: 1.1%
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Questions?
 


Norwich University ∆T90 Solar Decathlon Team
c/o Matt Lutz  

Northfield, Vermont
(802)-793-6363  


