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Background 

PH01:BRK and the South Dakota Passive Housing Initiative  







LOT 7A (street address to be assigned)
3rd Avenue
Brookings, SD 57006
lat: 44˚18'57"N lon: 96˚48'00"W
elevation: 1620'
declination: 3˚7'E

LEGAL DESCRIPTION: LOTS 5A, 6A, AND 7A OF PARKDALE HOME ADDITION,
BEING A REPLAT OF LOTS 5, 6, AND 7 AND THE NORTH 8 FEET OF LOT 8 OF
PARKDALE HOME ADDITION, CITY OF BROOKINGS, BROOKINGS COUNTY, SD.

CLIMATE AND GEOGRAPHIC DESIGN CRITERIA
2012 International Residential Code
Ground Snow Load:
Wind Speed:
Wind Topographic Effects:
Seismic Design Category:
Subject to Damage from
    Weathering:
    Frost Line:
    Depth Termite:
Winter Design Temp:
Ice Barrier Required:

Flood Hazards:
Air Freezing Index:
Mean Annual Temp:

50 lb/ft 2

90 mph

NO
A

severe
48"
slight to moderate

-20˚F
YES
NO
3034 ˚F-Days

42.5˚F

PASSIVE HOUSE DESIGN CRITERIA
Heating Degree Days:
Cooling Degree Days:

Climate Zone:
Mean Days Clear:
Mean Days Rain:
Mean Days Snow:

Pct Possible Sunshine:
Avg Annual Precipitation:
Avg Annual Snowfall:

Conditioned Area:
Conditioned Volume:

7090
899
6

55%
26.74"
31.9"
2012.87 sq.ft.
21,334.35 cu.ft.
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Gross Building Volume 
meausred to outside of thermal enclosure

32287.37 ft3

Net Building Volume 
measured to outside of sheetrock

21334.35 ft3

Subtract Walls and Floors 

Walls 806.00 ft3 

2nd Floor 1384.78 ft3

TOTAL 19352.54 ft3

Specific heat Capacity / Thermal Mass 
Drywall = 0 heavy surfaces 
5/8" Drywall = 0.34 heavy surfaces 
double or high density drywall = 0.5 heavy surfaces 
two- inch thick concrete or more, phase- change materials = 1 heavy surface 
Flagstone/ tile = 0.5 heavy surfaces

First Floor 
1(floor) + 0*4 (walls) + 0.5 (ceiling) = 1.5

Second Floor
0 (floor) + 0*4 (walls) + 0.5 (ceiling) = 0.9

(60 + 2.4*24)*0.176 = 20.70

Interior Conditioned Floor Area 

First Floor 1147.38 ft2

Second Floor 865.49 ft2

Total Area: 2012.87 ft2
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Ribbon Cutting 



Data 

Post Occupancy & Monitoring  
Site Sage Energy & IAQ Monitoring 
Enphase PV System Monitoring 
Behavioral and Social Research with Human Subjects (HSR)  
Incidental Homeowner Activities 



Electrical usage monitoring:  
Site-Sage 24 connections at individual breakers



IAQ monitored by Site-Sage 24 PowerWise Home page (above) and real-time circuit usage (right).



Photovoltaic installation 



The online PV portal indicates generated electricity from the PV system has thus far averaged 
slightly less than the electrical demand, roughly 15-19 kWh on sunny days.



Rain Screen, 2.5” 
InSoFast Insulation, 
2” EPS Foam, 0.75” 
OSB sheathing 
taped and sealed, 
2x6 framed cavity 
wall infill with Knauff 
mineral wool insula-
tion. Interior finish.

Allows for better air 
flow throughout the 
house
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ing, 4” EPS foam insula-
tion, sheathing, 24“ TJI 
joist 2’-00” o.c. filled w/ 
dense pack cellulose, 
taped and sealed 
sheathing (Vapor Barri-
er),interior finish.

Recovers both sensible 
and latent head from 
outgoing (exhaust) air 
stream by transferring it 
to the incoming (sup-
ply) air stream.
Ultimate Air 200DX
up to 200 CFM
Apparent Sensible 
Effectiveness (ASE) of 
93%,
 SRE of 81% in heating 
season 
TRE of 40% in the cool-
ing season
Pre heater needed for 
operating temps below 
10 degrees F 

LG-LS090HSV4
Ductless Indoor and 
outdoor condenser
SEER: 21.5
HSPF: 10.8
Operating Range:
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with 42 degree inlet 
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Provides sun shading 
in summer months to 
minimize solar heat 
gain.

Provides breeze to 
enter house in 
summer for natural 
ventilation and cool-
ing 

Large south 
facing windows 
allow sunlight to 
warm the house 
LQ�:LQWHU�0RQWKV��

Deflects heat from 
escaping the 
house.
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Heating/ Cooling Degree Days 
Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Total 
Heating Degree Days 1587 1268 1008 543 240 50 10 22 165 508 960 1448 7809
Cooling Degree Days 0 0 0 0 35 149 298 220 42 0 0 0 744

Weather Indicators 
Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Total 
Average Winds Speed 10.9 11.1 12.4 12.9 11.8 10.7 9.8 9.8 10.3 10.7 11.5 10.7 11.1
Clear Days 8 7 6 7 7 9 12 12 12 11 7 8 105
Partly Cloudy Days 8 7 8 8 10 11 12 11 8 8 7 7 103
Cloudy Days 15 15 17 15 14 11 8 9 10 12 16 16 157
Avg Relative Humidity 56.5 75 75.5 73 68.5 68.5 70.5 71 72 70 70 74 77

Prevailing Winds 
Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Annual
Direction N:. N:. :1: :1: 11: 11: N N    S S S S S
Speed 11 11 12 13 12 11 10 10 10 11 12 11 11
Max 67 58 56 64 53 71 66 47 53 61 58 53 71

Average Temperature 
Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Annual
Average Temperature 13.8 19.7 32.5 46.9 58.4 68.3 74.3 71.4 60.9 48.6 33 18.3 45.5
Average Max Temperature 24.3 29.6 42.3 59 70.7 80.5 86.3 83.3 73.1 61.2 43.4 28 56.8
Average Min. Temperature 3.3 9.7 22.6 34.8 45.9 56.1 62.3 59.4 48.7 36 22.6 8.6 34.2PH
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SEPTEMBER 2021 REPORT 
Water Heater     268 kWh 
Unmonitored     155 kWh 
Minisplit                62 kWh 
Oven/Range         41 kWh 
Main floor             29 kWh 
Second floor        26 kWh 
Dryer                      24 kWh 
North Kitchen      21 kWh 
ERV                        17 kWh 
Second floor        12 kWh 
Second floor        10 kWh 
Other circuits       13 kWh 
TOTAL                  678 kWh = 2313.34 kBTU 



OCTOBER 2020 - SEPTEMBER 2021 REPORT 
OCT 2020            815 kWh 
NOV 2020           959 kWh 
DEC 2020        1,233 kWh 
JAN 2021        1,262 kWh 
FEB 2021         1,298 kWh 
MAR 2021           905 kWh 
APR 2021            803 kWh 
MAY 2021           722 kWh 
JUN 2021            655 kWh 
JUL 2021             731 kWh 
AUG 2021           840 kWh 
SEP 2021             680 kWh 
TOTAL             10,903 kWh = 37,201.04 kBTU 



The pre-certification did not include the PV array.  
Funding and design for PV came later in the construction phase. 
PV generation began in June 2019.



OCTOBER 2020 - SEPTEMBER 2021  
PV PRODUCTION REPORT 
OCT 2020            313 kWh 
NOV 2020           307 kWh 
DEC 2020            228 kWh 
JAN 2021            178 kWh 
FEB 2021             328 kWh 
MAR 2021           430 kWh 
APR 2021            379 kWh 
MAY 2021           426 kWh 
JUN 2021            478 kWh 
JUL 2021             419 kWh 
AUG 2021           455 kWh 
SEP 2021             397 kWh 
TOTAL               4,338 kWh   
                = 14,801.26 kBTU 
                = 7.35 kBTU/ft2-yr 



Behavioral and Social Research with Human Subjects (HSR)  
Incidental Homeowner Activities  

Do you refer to the online PowerWise and/or Enphase dashboards? What are 
you looking at when youre there? 

At what temperature do you keep your thermostat set? 

Have you noticed any uncomfortable indoor conditions with temperature or 
humidity? 

Have the kitchen or laundry appliances been a problem or altered your habits? 

Have you learned how to use and program the wall-mounted minisplit heating/
cooling units? 

Have you learned how to check and maintain the Water Heater and/or the 
Zehnder air exchanger? 

Has the PV system posed any challenges? 

Have the utility bills been better that what you would normally expect?   

Do you open and close the windows (or keep windows open)? 

You had mentioned that the CO2 readings were spiking when using the 
stationary bike – can you elaborate? 

You had mentioned that your daughter enjoys the house acoustics when 
playing piano – can you elaborate?



Behavioral and Social Research with Human Subjects (HSR)  
Incidental Homeowner Activities  

Do you refer to the online PowerWise and/or Enphase dashboards? What are 
you looking at when youre there? 

At what temperature do you keep your thermostat set? 

Have you noticed any uncomfortable indoor conditions with temperature or 
humidity? 

Have the kitchen or laundry appliances been a problem or altered your habits? 

Have you learned how to use and program the wall-mounted minisplit heating/
cooling units? 

Have you learned how to check and maintain the Water Heater and/or the 
Zehnder air exchanger? 

Has the PV system posed any challenges? 

Have the utility bills been better that what you would normally expect?   

Do you open and close the windows (or keep windows open)? 

You had mentioned that the CO2 readings were spiking when using the 
stationary bike – can you elaborate? 

You had mentioned that your daughter enjoys the house acoustics when 
playing piano – can you elaborate?

yes

68ºF

humidity in bathrooms & kitchen range

only slightly

yes

yes

only with the vendor, not the system

only slightly — PV sellback rate is very low

yes

yes — opening interior doors helps

great combination of a “live” space with an 
airtight building



Teaching 

Monitoring as an Emerging Professional Role 
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Analysis of wall to Ceiling
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