












































































































































NREL is a national laboratory of the U.S. Department of Energy Office of Energy Efficiency and Renewable Energy operated by the Alliance for Sustainable Energy, LLC 

 
 
 

 

 

Jesse Dean 
Energy Engineer 
January 26, 2010 
 

Josephine Commons Final Residential 

Design Recommendations 
Net-Zero Energy Home Design and Analysis 



Overview 

– The Net Zero Energy Vision 

– BEopt Model Description 

– BEopt  Model Assumptions 

– Paradigm Project Design Features 

– Sub-Metering / Performance Analysis 

– Lessons Learned 

– Revised Energy Model  

– Final Design Recommendations 

2 



Energy 
Efficiency  

Renewable 
Energy 

The Vision……….. 

Sustainable 
Design  

A Net Zero Energy Development 



• The Paradigm project is a pilot venture for innovative, sustainable, affordable housing which 

will inform the design and construction of a future 153-unit, low income and senior housing 

development on a nearby 14 acre site.  The project consists of one duplex unit and one single 

family unit on an urban infill lot situated between a residential neighborhood and industrial 

park in Lafayette, CO. 

•  Modular construction and efficient design provided lower construction costs, which allowed the 

owner to invest in higher performance materials and renewable energy features. 

Josephine Commons Project 



Josephine Commons Project 



Paradigm Pilot Project 

• Well insulated building envelope 

• Passive Solar Design 

• Natural Day-lighting 

• CFL lighting 

• High Performance Windows 

• Energy Star Appliances 

• Balanced ERV 

• High Eff HVAC 

• Onsite RE 



The Energy Challenge – Conventional Buildings 

H = Heating Load L = Lighting Load C = Cooling Load 

= Other, including ventilation and plug loads 

Skin-Load  

Dominated 
(small building in cold climate) 

Internal-Load  

Dominated 
(large building in any climate) 

O 

H 

L C 

O 

H 

L C 



Achieving Net Zero Energy through Energy Modeling 

BEopt™ software program description 
 

– The BEopt™ software is designed to identify optimal building designs at various energy-
savings levels  on the path to zero net energy 

– Energy savings are calculated relative to a reference.  

• Uses a sequential search technique to identify optimal building designs 
 

– Finds these optimal and near-optimal designs based on discrete building options reflecting 
realistic construction options. 
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The Path to Zero Net Energy 
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PV 

cost of efficiency savings  

> cost of PV energy 
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Cost Neutral 



The Path to Zero Net Energy 
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Possible Designs 

Optimal Designs 



BEopt - Model Inputs 

Utility Information 
Electric Rate, Electricity Sell Back Rate, Natural Gas Rate 
 

Mortgage 
Mortgage Period, Interest Rate, Income Tax Rate 

 

Economics 
Project Analysis Period, Inflation Rate, Nominal Discount Rate 

 

Building Geometry 
Above Ground Finished Floor Area (2,589 ft2) 

5 Bedrooms, 3 Bathrooms and a Finished Basement 
 

Orientation 
Azimuth – 202.5 deg 
 

Wall Insulation 
R19 (Icynene Insulation), 2 x 6 16” O.C. +1/2” foam board 



BEopt – Model Inputs 

Ceiling Insulation 
Cellulose (R 50 - hr-sqft-F/Btu) 
 

Infiltration 
Effective Leakage Area – 0.85 ft2 

 

Foundation 
Insulated Concrete Form (R22 hr-sqft-F/Btu) 
 

Window Type 
Low-e double pane (U value = 0.447, SHGC = 0.547) 
 

Appliances 
Refrigerator, Cooking range, Dishwasher, Clothes Dryer, Clothes Washer – All 

modeled as standard efficiency electric 

 



BEopt – Model Inputs 

Hardwired Lighting 
100% CFL per Energy Star Standard 

Air Conditioner 
No AC 
 

Furnace 
AFUE 80% 
 

Domestic Hot Water 
Standard Electric 

 
 
 

 

 
 

Characteristic Performance Value 

Orientation North North East (210 deg)

Aspect Ratio 1.5 ( 44 ft x 29.5  ft)

Thermostat Non-Programmable

Ventilation Rate 100% of ASHRAE 62.2

Natural Ventilation BA Benchmark

Wall R Value R - 25

Roof R Value R - 50

Infiltration ELA 0.85 ft2

Foundation R Value R - 22

Window Area

Front (76 ft2), Back (140 ft2), Left (15 ft2), Right 

(72 ft2)

Window Type Double Paned ( U value = 0.447, SHGC = 0.547)

Appliances Energy Star

Hardwired Lighting 100% CFL

Furnace AFUE 80%

Mechanical Ventilation Bathroom Exhaust

Domestic Hot Water Standard Electric

Paradigm Project Baseline Design



BEopt – Baseline Home Results 

Mortgage + Utilities 
 

$2,481/yr 

 

Ref Bldg 
 

– Typical bldg built in mid 

1990’s 
 
– 42 % source energy savings 

over mid-1990’s home 
 
– $  4,202/yr 

 

 



BEopt – Optimization Parameters 



BEopt – Optimization Parameters 



BEopt – Optimization Parameters 



Maximum Efficiency and Savings 

BCHA Baseline Design 
**Low energy home uses 63% less energy 

than a typical mid 1990’s home  

 

Homeowner cost for low energy 

home* is slightly less than BCHA 

baseline design 



Beopt – Max. Eff and Savings Cost 

Group Name Category Name

Delta Capital 

Cost (Present 

Value) Current Option Name  Ref Option Name

Building

Heating Set Point $100 

71 F w/ setback 65 F 

(wkdy) 71 F

Envelope

Infiltration $1,886 Tightest Tighter

Windows & Shading

Window Areas $0 

BCHA Duplex 1 

Reduced West Gl BCHA Duplex 1

Eaves $0 3 ft overhang

Lg. Appliances

Refrigerator $142 EnergyStar Standard

Cooking Range ($35) Gas Electric

Dishwasher $94 EnergyStar Standard

Clothes Dryer $59 Gas Electric

Clothes Washer $493 

EnergyStar (H-Axis) - 

Cold Only Standard (V-Axis)

Equipment

Furnace $1,919 AFUE 96% AFUE 80%

Mechanical 

Ventilation $3,667 

Balanced Energy-

Recovery Ventilator Upgraded Bathroom Exhaust

Water Heater $431 Gas Tankless Electric Standard

Total Capital Cost 

(Present Value) $8,756 



R-50 roof 

R-22 ICF 
basement walls 

Low-e Double 
Pained Windows 

R-22  
walls 

Energy 
Recovery 
Ventilator 

96% Efficient 
Furnace 

Automated 
Ventilation 

Source Energy Use  

Min. Infiltration 

Additional Features 
• Programmable Thermostats 

• 100% CFL Lighting 

• Energy Star Appliances 

• On-demand DHW 

 
 

**  Additional energy efficiency features cost $8,500 over BCHA baseline 

Final Building Design 

Integrated Energy Efficiency 



BEopt – Duplex Optimization 



Integrated Efficiency and Renewables 

Roof Mounted 
PV (4.4 kW) 

**PV system cost - $8,800 

**Estimated evacuated tube SHW system cost - $9,000 
(56.11 ft2 and a 80 gallon storage tank) 

 

** Energy use 87% lower than mid 1990’s benchmark 

** Net zero energy electric  

** Natural gas use reduced by 76% 

 

 

Evacuated 
Tube SHW 



Net Zero Energy – CO2 Impacts 

** We would need to install another 3 kW PV system to offset the 3.3 tons/yr of carbon.  It would cost another $8,500.00 
 
- CO2 emissions of mid 1990s benchmark is 22.7 tons/yr 
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All Electric Versus Electric and Gas 

Horizontal Loop 
GSHP 

De-super heater 
for DHW 

All Electric Home Baseline Home 

Roof Mounted PV 

Roof Mounted 
PV (4.4 kW) Evacuated 

Tube SHW 



Ranch Home 



Duplex Home 



Short Term Testing 

• Home Energy Rating System (HERS) 

• Ranch and One Duplex 

• Includes blower door and duct leakage test 

• Residential Energy Services Network (RESNET) scoring  

• Based on IECC 2006 

• Score of 100 is compliant with IECC 2006 

• Score of zero is net zero home 



Long Term Testing 

• NREL Instrumentation (November 2009) 

• Campbell Scientific data acquisition systems store and 

collect data on a 5 second scan interval 

• Collect 1 min, 60 min, daily average and monthly average 

•  Weather Station 

• Horizontal Solar Radiation (W/m2) 

• Wind Speed (m/s) 

• Outdoor Temperature (°C) 

• Outdoor Relative Humidity (%) 

 



Long Term Testing 

• NREL Instrumentation (November 2009) 

• Single Family Ranch 
• House power/energy from utility (kW, kWh) 

• House power/energy to utility (kW, kWh) 

• PV power/energy produced (kW, kWh) 

• Air handler fan power/energy (kW, kWh) 

• Heat pump unit total power/energy (kW, kWh) 

• Heat pump field loop pump power/energy (kW, kWh) 

• Electric water heater power/energy consumption (kW, kWh) 

• Domestic hot water consumption (liters/second) 

• Domestic hot water cold inlet temperature (°C), thermistor and thermocouple 

• De-super-heater cold inlet temperature (°C), thermistor and thermocouple 

• De-super-heater hot outlet temperature (°C), thermistor only 

• Domestic hot water preheat tank hot outlet temperature (°C), thermistor only 

• Domestic hot water electric tank hot outlet temperature (°C), thermistor only 

• Geothermal heat pump unit to ground loop temperature (°C), thermistor only 

• Geothermal heat pump unit from ground loop temperature (°C), thermistor only 

• Geothermal heat pump to and from ground loop line pressure differential (PSI) 

• Indoor temperature (°C) 

• Indoor relative humidity (%) 

 



Long Term Testing 

• NREL Instrumentation (November 2009) 

• Duplex (x2) 

• House power/energy from utility (kW, kWh) 

• House power/energy to utility (kW, kWh) 

• PV power/energy produced (kW, kWh) 

• Air handler fan power/energy (kW, kWh) 

• Furnace gas consumption (cu-ft) 

• Instantaneous gas water heater gas consumption (cu-ft) 

• Domestic hot water consumption (liters/second) 

• Domestic hot water cold inlet temperature (°C), thermistor 

only 

• Solar hot water preheat tank hot outlet temperature (°C), 

thermistor only 

• Gas water heater hot outlet temperature (°C), thermistor only 

• Indoor temperature (°C) 

• Indoor relative humidity (%) 

 



Building Envelope Characteristics 

• All of the residences were constructed with the same 

general building envelope characteristics.  

Building Envelope Analysis 
Characteristic Paradigm 

Project 
IECC 2009 
(Climate 
Zone 5B) 

Percent 
Improvement 

% 

IECC 2012 
(Climate Zone 

5B) 

Percent 
Improvement 

% 
Ceiling R-Value 49 38 22% 49 0% 
Above Grade Wall R-Value 22.6 

20 12% 20 12% 
Basement Wall R-Value 22 10 55% 15/19   
Under slab R-Value 5 

N/A   N/A   
Window U-Value 0.32 

0.35 -9% 0.32 0% 
Window SHGC 0.28 N/A   N/A   

Note:  IECC 2012 changes are tentative at this point. 



Solar PV Comparisons 

• All PV Systems 2.22 kW  

• Lumos 185 Watt Panel (mono-c-Si, 14.49%) 

• 12 panels per residence 

• Enphase Micro-Inverter 

• Solar Frameworks mounting 



Solar PV Comparisons 

• PV System comparison 
• 2010 solar resource 10% better than TMY30 year average 

• Ranch PV production  within 1% of modeled data 

• Duplex units 21% to 17% lower than expected 

• Measured SPP 12-15 years w/o fed incentives 

Month

Average 

Incident 

Global 

Horizontal 

Solar Rad 

(W/m2, NREL 

183223)

Measured 

Average 

Incident Global 

Horizontal 

Solar Rad 

(W/m2)

Percent 

Difference 

(%)

PV 

Watts 

(kWh)

SAM 

(kWh)

Ranch 

(kWh)

Percent 

Difference 

(%)

Duplex 

1 (kWh)

Percent 

Difference 

(%)

Duplex 

2 (kWh)

Percent 

Difference 

(%)

1  98.6 108.1 9% 166 176 146 -20% 124 -42% 113 -56%

2  135.4 136.3 1% 179 190 132 -44% 121 -57% 103 -84%

3  182.7 197.6 8% 271 285 241 -19% 203 -41% 197 -44%

4  230.0 237.6 3% 287 303 308 2% 249 -21% 249 -21%

5  257.6 304.3 15% 311 328 371 12% 298 -10% 315 -4%

6  283.9 305.3 7% 308 326 337 3% 296 -10% 296 -10%

7  278.7 296.2 6% 297 317 335 5% 280 -13% 299 -6%

8  248.4 282.2 12% 287 306 339 10% 274 -12% 307 0%

9 207.7 261.3 21% 261 278 332 16% 264 -5% 295 6%

10 157.7 175.8 10% 223 241 260 7% 207 -17% 218 -11%

11 109.1 124.2 12% 167 180 183 2% 135 -34% 148 -22%

12 88.1 98.3 10% 155 166 146 -13% 107 -55% 115 -44%

Total 2,277.9 2,527.1 10% 2,912 3,096 3,131 1% 2,556 -21% 2,656 -17%

PV System Comparisons



Solar PV Comparisons 

• PV System Shading Implications 

• Assuming we install 4 kW x 83 units = 332 kW 

• With 30% shading losses would need extra 99.6 kW 

• 99.6 kW x $3,000/Watt = $298,800 



Ranch Performance Analysis 





Ranch Performance Analysis 

Characteristic Performance Value (Ranch)

Ceiling R-Value 49

Above Grade Wall R-

Value

25

Foundation Wall R-

Value

22

Under slab R-Value 5

Window U-Value 0.32

Window SHGC 0.28

Heating/Cooling 

Systems

Ground source heat pump, 

3.1COP heating, 18.2 EER 

cooling, forced air system

Water Heating Conventional electric tank, 

0.94EF, 40 gallons with de-super 

heater charged preheat tank

Ventilation Systems Balanced energy recovery 

ventilator (ERV), 70CFM, 94W

Thermostat Programmable

Lighting Pin-base compact fluorescent 

lights (CFL)

Appliances Refrigerator (775kWh/yr), 0.65 

EF Dishwasher 

Renewable Energy 

Systems

2.2kW photovoltaic (PV) array

Single Family Residence Project Design Features

Total square footage of 1,014 ft2  



Ranch Performance Analysis 

• Blower Door Test 

• Natural ACH (Heating and Cooling)   0.08 

• ACH @ 50 Pascals    1.8 

• Effective Leakage Area (ELA)  31.3 

in2 

• Calculated infiltration with Sherman-Grimsrud 

infiltration model  
Month 

Infiltration 

Flow Rate 

(Avg CFM) 

Average 

Air 

Change 

Per Hour 

(ACH) 

Jan-10 26.10 0.08 

Feb-10 25.38 0.08 

Mar-10 24.62 0.08 

Apr-10 25.78 0.08 

May-10 22.48 0.07 

Jun-10 16.97 0.05 

Jul-10 15.73 0.05 

Aug-10 15.68 0.05 

Sep-10 17.08 0.05 

Oct-10 20.25 0.06 

Nov-10 26.35 0.08 

Dec-10 27.02 0.09 

Average 21.95 0.07 

Mechanical: Balanced 

Sensible Recovery Eff. (%): 75 

Total Recovery Eff. (%): 62 

Rate (cfm): 70 

Hours/Day: 8 

Fan Watts:  94 

Cooling Ventilation:  N/A 



Ranch Performance Analysis 

• HERS Test Result 

• 63% reduction in energy use versus code compliant new home 

IECC 2006 

• Based on this rating 7.7 kW PV would be needed for NZE 

(assuming no EE mods) 



Month

House Total 

Electric Load 

(kWh)
PV 

Production 

(kWh)

Air 

Handler 

(kWh)

Heat 

Pump 

(kWh)

Field 

Pumps 

(kWh)

Water 

Heater 

(kWh)

Other 

(kWh)

Percent 

PV (%)

Energy 

Intensity 

(kbtu/ft2)

CO2 

Equiv.

metric 

tons (t)

CO2 

Eqiv. 

(lbs/ft2)

Total 

Energy 

Use 

(Mmbtu)

Jan-10 920.4 145.9 56.9 492.7 119.9 107.9 142.9 16% 3.1 0.7 1.4 3.1

Feb-10 685.6 131.8 88.6 376.5 79.1 85.8 55.5 19% 2.3 0.5 1.0 2.3

Mar-10 841.5 240.7 45.5 379.3 92.5 225.8 98.3 29% 2.8 0.5 1.1 2.9

Apr-10 745.7 308.1 22.9 195.7 46.8 250.4 229.9 41% 2.5 0.4 0.8 2.5

May-10 396.3 371.2 15.9 88.3 18.2 46.3 227.6 94% 1.3 0.0 0.0 1.4

Jun-10 101.9 337.3 6.5 55.4 11.6 1.9 26.5 331% 0.3 -0.2 -0.4 0.3

Jul-10 718.8 334.8 41.1 348.0 98.7 59.2 171.8 47% 2.4 0.3 0.7 2.5

Aug-10 686.2 339.1 39.6 333.4 90.7 42.6 179.9 49% 2.3 0.3 0.6 2.3

Sep-10 548.0 332.3 12.3 103.4 23.8 56.1 352.4 61% 1.8 0.2 0.4 1.9

Oct-10 615.3 260.0 5.0 49.2 9.8 68.9 482.6 42% 2.1 0.3 0.7 2.1

Nov-10 919.5 182.9 32.8 270.1 33.3 82.6 500.7 20% 3.1 0.6 1.4 3.1

Dec-10 1,251.7 146.5 49.3 397.0 48.9 190.4 566.0 12% 4.2 0.9 2.1 4.3

Totals 8,431.1 3,130.6 416.5 3,088.9 673.5 1,218.1 3,034.2 37% 28.4 4.6 9.9 28.8

Performance Data - Monthly Summary

Ranch Performance Analysis 

• Annual Bills (<$590/yr or $50/month) 

• Annual bills HERs baseline ($2,514) (would require 16 kW PV at cost of $48,193) 

• Annual cost savings of $1,931 or NPV of savings = $38,796 

• Assuming $12,000 in EE/RE upgrades = SPP of 6.21 yrs, $26,797 NPV 



Ranch Performance Analysis 

• Would require 6 kW PV to NZE 



Ranch Performance Analysis 

• GSHP Design Parameter 

• Heating 

• Efficiency (COP)  4 

• Capacity (Kbtuh)  33.3 

• Electric Resistance Back up - No electrical resistance backup 

 

• Cooling 

• Efficiency (EER)  18.2 

• Capacity (Kbtuh)  35.1 

• Sensible Heat Fraction 0.7 at ARI Conditions 
 

• Well Type - Horizontal 

• Number of wells  4 loops @ 500' 

• Well depth   6' 

• Loop flow (GPM)  7 GPM 



Ranch Performance Analysis 

• GSHP Performance Results 

Month 
Ground to 
HP (°F) 

HP to 
Ground 

(°F) ΔT (°F) 

GSHP 
Energy 

Use 
(kWh) 

Calculated 
Heating 

Efficiency 
(COP) 

Calculated 
Cooling 

Efficiency 
(COP) 

Jan-10 39.70 36.89 2.81 613 3.57 - 

Feb-10 38.56 35.82 2.74 456 3.67 - 

Mar-10 39.41 37.13 2.29 472 3.67 5.69 

Apr-10 44.27 41.69 2.58 243 4.21 - 

May-10 48.66 45.69 2.97 107 5.44 - 

Jun-10 62.83 66.04 -3.21 67 4.58 4.47 

Jul-10 70.67 74.51 -3.84 447 - 4.04 

Aug-10 75.50 79.23 -3.73 424 - 3.93 

Sep-10 74.00 77.78 -3.77 127 - 3.88 

Oct-10 63.67 61.07 2.60 59 7.16 4.93 

Nov-10 55.62 50.59 5.04 303 7.56 - 

Dec-10 47.55 43.02 4.53 446 6.11 - 

Totals       3,762 4.83 4.03 
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Ranch Performance Analysis 

• GSHP Performance Results 

Month 
Average 

Gallons/Day 
DSH Pump 

(kWh) 

Preheat 
Tank DSH 

(kWh) 

Total 
DHW 
(kWh) 

DSH 
Effective 

COP 
Percent 
DSH (%) 

Jan-10 43.6 12.2 69.3 107.9 8.9 64% 

Feb-10 44.3 7.7 43.5 85.8 8.1 51% 

Mar-10 45.3 9.4 82.4 225.8 15.0 36% 

Apr-10 45.1 4.9 57.1 250.4 18.2 23% 

May-10 45.2 1.8 15.7 46.3 10.9 34% 

Jun-10 44.0 1.1 1.9 1.9 6.3 100% 

Jul-10 42.9 9.9 31.8 59.2 5.1 54% 

Aug-10 41.9 8.9 38.0 42.6 4.9 89% 

Sep-10 40.3 2.4 14.0 56.1 7.5 25% 

Oct-10 41.9 1.2 18.7 68.9 16.0 27% 

Nov-10 40.6 7.9 82.6 82.6 9.1 100% 

Dec-10 38.2 11.2 123.3 190.4 9.2 65% 

Totals 42.8 78.7 578.2 1,218.1 9.9 47% 



Ranch Performance Analysis 

• Indoor Temperature and Electric Demand Results 



Duplex Performance Analysis 





Duplex Performance Analysis 

Characteristic Performance Value (Duplex 

Units)

Ceiling R-Value 49

Above Grade Wall R-

Value

25

Foundation Wall R-

Value

22

Under slab R-Value 5

Window U-Value 0.32

Window SHGC 0.28

Heating/Cooling 

Systems

95AFUE natural gas furnace with 

forced air system, no cooling

Water Heating Instantaneous natural gas water 

heater, 0.84EF with solar preheat 

tank

Ventilation Systems Balanced energy recovery 

ventilator (ERV), 70CFM, 94W

Thermostat Programmable

Lighting Pin-base compact fluorescent 

lights (CFL)

Appliances Refrigerator (775kWh/yr), 0.65EF 

Dishwasher 

Renewable Energy 

Systems

2.2kW photovoltaic (PV) array, 

evacuated tube solar thermal 

collectors for domestic hot water

Duplex Project Design Features

Duplex units are 3 bedroom, 2 bathroom, 1,732 ft2 (2,458 ft2  total) floor area  



Duplex Performance Analysis 

• Blower Door Test 

• Natural ACH (Heating and Cooling)   0.12-0.09 

• ACH @ 50 Pascals    2.08 

• Effective Leakage Area (ELA)  50.2 in2 

• Calculated infiltration with Sherman-Grimsrud 

infiltration model  

Month 

Infiltration 
Flow Rate 
(Avg CFM) 

Estimated 

Infiltration - 

Duplex 1 

(ACH) 

Jan-10 59.76 0.14 

Feb-10 61.04 0.14 

Mar-10 54.41 0.12 

Apr-10 53.43 0.12 

May-10 49.26 0.11 

Jun-10 37.10 0.08 

Jul-10 35.01 0.08 

Aug-10 34.23 0.08 

Sep-10 37.57 0.09 

Oct-10 44.04 0.10 

Nov-10 57.74 0.13 

Dec-10 58.48 0.13 

Total 48.51 0.11 

Mechanical: Balanced 

Sensible Recovery Eff. 

(%): 75 

Total Recovery Eff. (%): 62 

Rate (cfm): 70 

Hours/Day: 8 

Fan Watts:  94 

Cooling Ventilation:  Natural Ventilation 

HERs rater should have conducted 

blower door tests of both units 

simultaneously 



Duplex Performance Analysis 

• HERS Test Result 

• 55% reduction in energy use versus code compliant new home 

• Based on this rating 15.1 kW PV would be needed for NZE 

(assuming no EE mods) 



Duplex Performance Analysis 

• Annual Bills (<$590/yr or $50/month) (1990’s prototype home at $2,101, $1,511 per year 

in savings) 

• Baseline bills of $1,409 per unit with IECC 2009 standard ($819/yr savings) 

• Higher EUI, but lower CO2 emissions 

• 55% of electricity supplied by PV 

• MEL and lighting of 3,702 kWh/yr versus 3,042 kWh/yr in Ranch (6,556.4 kWh/yr duplex 

2) 

• MELs and lighting varied by a factor of 2.15 between homes 

• Measured differences as high as 10 in Solar Row homes 

Month

House In 

(kWh)

PV 

(kWh)

Air 

Hanlder 

(kWh)

Preheat 

Tank 

(kWh)

Aux 

Tank 

(kWh)

Gas to 

Furnace 

(Mmbtu)

Gas to 

Water 

Heater 

(Mmbtu)

Total Gas 

(Mmbtu)

Total 

Electric 

(Mmbtu)

Total 

House 

(MMBtu)

EUI 

(kBtu/ft2)

CO2 

Equiv 

(Metric 

Ton)

CO2 

Intensity 

(lbs/ft2)

House 

Electric 

(MMBtu)

Jan-10 417.4 123.7 82.7 151.5 173.8 11.1 1.2 12.3 1.0 13.3 7.7 0.32 0.41 1.42

Feb-10 400.3 121.2 68.1 129.9 156.5 8.6 1.1 9.7 1.0 10.7 6.2 0.31 0.39 1.37

Mar-10 429.0 202.6 46.9 205.3 84.4 5.5 0.8 6.4 0.8 7.1 4.1 0.24 0.31 1.46

Apr-10 272.0 249.1 38.4 140.0 62.4 2.7 0.6 3.3 0.1 3.4 2.0 0.05 0.07 0.93

May-10 366.1 298.0 37.5 231.5 57.7 1.7 0.5 2.2 0.2 2.4 1.4 0.09 0.11 1.25

Jun-10 290.6 295.9 56.5 122.1 26.6 0.0 0.3 0.3 0.0 0.3 0.2 0.01 0.02 0.99

Jul-10 401.1 279.7 130.9 2.9 190.4 0.0 1.4 1.4 0.4 1.8 1.0 0.18 0.23 1.37

Aug-10 491.3 274.0 157.3 1.2 149.8 0.0 1.2 1.2 0.7 1.9 1.1 0.26 0.33 1.68

Sep-10 391.2 263.7 133.8 142.8 0.0 0.0 0.2 0.2 0.4 0.6 0.3 0.12 0.15 1.33

Oct-10 350.4 206.7 55.4 138.9 1.0 0.8 0.3 1.0 0.5 1.5 0.9 0.14 0.18 1.20

Nov-10 323.0 134.7 43.7 99.2 82.7 5.0 0.7 5.7 0.6 6.4 3.7 0.21 0.26 1.10

Dec-10 480.5 107.0 59.2 77.5 115.3 8.1 0.9 9.0 1.3 10.3 5.9 0.37 0.48 1.64

Totals 4612.9 2556.5 910.5 1442.7 1100.6 43.5 9.2 52.6 7.0 59.7 34.4 2.31 2.94 15.74



Duplex Performance Analysis 

• Would require 3.25 kW PV to NZ elec. if 

shading =0% 



Duplex Performance Analysis 

• Solar Domestic Hot Water 

• Collector Loop Type  Active/Indirect glycol system 

• Collector Type   30 Evacuated Tubes 

• Collector area   56.11 ft2 

• Collector Tilt in degrees  20 degrees 

• Storage tank volume  80 gallons 

 

 



Duplex Performance Analysis 

• SHW Performance Results 

Month 

Average 

Gallons/Day 

Preheat 

Tank 

(kWh) 

Aux Tank 

(kWh) 

DHW 

Total 

(kWh) 

Percent 

Contribution 

from Solar 

Preheat Tank 

Jan-10 58.984 151.5 173.8 325.3 47% 

Feb-10 60.538 129.9 156.5 286.3 45% 

Mar-10 59.542 205.3 84.4 289.7 71% 

Apr-10 60.080 140.0 62.4 202.5 69% 

May-10 59.226 231.5 57.7 289.2 80% 

Jun-10 57.503 122.1 26.6 148.6 82% 

Jul-10 53.431 2.9 190.4 193.3 1% 

Aug-10 55.019 1.2 149.8 150.9 1% 

Sep-10 55.782 142.8 0.0 142.8 100% 

Oct-10 57.420 138.9 1.0 139.8 99% 

Nov-10 53.494 99.2 82.7 181.9 55% 

Dec-10 54.274 77.5 115.3 192.8 40% 

Total 57.11 984.3 901.5 1885.9 52% 

At the time of installation no local SHW incentives, 

system cost was $9,000 



Water Heater Gas Use for Duplex Units
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Ranch Performance Analysis 

• Indoor Temperature and Electric Demand Results 



Lessons Learned 

• Lesson #1 – SHW outlets and breakers were not compatible and 

caused fault 

• The electrician installed Ground Fault Circuit Interruption (GFCI) outlets and Arc 

Fault Circuit Interruption (AFCI) breakers for the basement outlets which are not 

compatible and make the circuit powering the solar system prone to false trips. 
 

• Lesson #2 – SHW system fault in middle of summer.  Cooked glycol 

and had re-charge system.  There is no way for tenant to know when 

system shuts down. 
 

• Lesson #3 – SHW chase needs to be strait 

 

 



Lessons Learned 

• Lesson #4 – GSHP nuance trip went undetected 
 

• Lesson #5 – GSHP over pumping 
 

• Lesson #6 – PV Shading 
 

• Lesson #7 – Window Specs and Window Overhangs 

 



Lessons Learned 

• Lesson #8 – Automated Natural Ventilation 
 

 The control sequence was set up such that the system would open the 

windows if the second floor temperature was above 78F and the 

outside air temperature was lower than 78F.  



Design Specifications 
 

– 3,000 ft2 

– R 33 Walls 

– R 13 Windows with fiberglass frames 

– Balanced HRV 

– Air Sealing 

– Passive Solar Design 

– Heating ($42,000 est cost.) 

– 140 Evacuated tubes 

– 512 gallons storage 

– Forced air heating & DHW 

– Cooling 

– Earth tube to pre-condition air 

– PV 

– 7.2 kW PV system 
 

 

Michael Kracauer (www.architropic.us) 

http://smartenergyliving.digitalpubfor.me/ 

 

Local NZE House Example 

http://www.architropic.us/
http://smartenergyliving.digitalpubfor.me/


Local NZE House Example 

http://apps1.eere.energy.gov/buildings/publications/pdfs

/building_america/42591.pdf 

http://apps1.eere.energy.gov/buildings/publications/pdfs/building_america/42591.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/building_america/42591.pdf


HVAC System Comparison 

• Used Hourly GSHP Heating and Cooling Loads 

• Cooling energy 2,226 kWh/yr 

• Heating energy 40.39 Mmbtu 

• Includes the following 

• Measured heating and cooling COP 

• Actual HVAC costs and DHW save 

• Compared against SEER 13 AC and  

 furnace (96%) 

• GSHP $2,400/ton x 3 tons + $1,000 

• DX $2,140/ton x 1.5 tons 

• Furnace $3,266/40 kBtu/hr 

• Gas utility $1,500 for connection 

• Gas meter fee $10.5/month 

 
 

 

  GSHP 

Furnace & 
SEER 13 

AC GSHP 2 

Heating Eff. 4.83 96% 5.93 

Cooling Eff. 4.03 3.8 5.13 

Heating Cost 

$372 

$210 

 $291  Cooling Cost $58 

DHW Eff   0.78   

DHW Save -$63 0 -$63 

DHW Cost $57 $27  $57 

Gas Meter Fee 0 $127    

Gas Utility 0 1500   

HVAC Cost $8,200 $6,476 $11,100 

Annual Cost $366 $422  $284 

Initial Cost $8,200 $7,976   

Incremental Cost $224 N/A $3,124 

Annual Cost Save $55.23  N/A $137.18  

Simple Payback 4.1 N/A 22.77 



• Input measured data calibration parameters 

• Revised MELs and lighting energy use 

• Revised infiltration 

• Air source heat pump 

• WWR, Construction, ERV, etc  

• Electric rate $0.09/kWh, $6.75/month fixed (0.36% esc.) 

• Gas rate $0.5/therm, $10.28/month fixed (1.92% esc.) 

New Duplex Energy Model 



• Parametric Study 

• Programmable thermostats   

• ($100/unit) (5% EUI savings) 

• Roof Insulation     

• R 60.9 assembly (2 in foam board) 

• $1,505(1.4% EUI savings) 

• Window Type    

• U 0.265, SHGC .45 

• $3,785 (6.6% EUI savings) 

• Wall Insulation    

• R 29.4 (2 in foam vs ½ inch) 

• $1,075 (3.8% EUI savings) 

• Total New EE Measures    

• $6,445 

 

New Duplex Energy Model 



• Parametric Study 

• Programmable thermostats 

• Roof Insulation  (R 61) 

• Window Type (U 0.265, 

SHGC .45) 

• Wall Insulation (R 29.4) 

New Duplex Energy Model 

• Net Zero Energy Study 

• Would require 4.75 kW per 

unit to achieve Net Zero 



New Duplex Energy Model 

• Parametric Study 

• RE Cost   

• 8 kW PV at $3,000/kW = 

$28,000 

• Total Cost  

• Unaccounted Cost $4,500 

• Total per duplex $38,945 

• Economics  

• Utility Cost Save $1,330 

• Incremental Inst Cost 

$19,472 

• SPP 14.64 yrs 

• NPV $7,789 

 

• Economics for 83 Res. units

  

• Utility Cost Save 

$110,390 

• Incremental Inst Cost 

$1.618 million 

• SPP 14.66 yrs 

• NPV $644,144 

 



Ext. Wall and Window Construction Final Recommendation 

Wall Insulation 
 

– Icynene insulation w/ (2x6) 24” o.c. +2” polyiso foam board 
 

• R Value Assembly – 29.5 [hr-sqft-F/Btu] (32% better than IECC 2012) 
 

• Framing factor – 20% 
 

• R Value insulated cavity = 32.28 
 

• R Value plates, studs & headers = 18.84 
 

• 5% percent reduction in framing factor – reduced heat loss through walls 

Heat Mirror Window with High SHGC Recommendation 

– All Windows  

• 3 pane, 1 HM High SHGC  

• U- Value < 0.265 [Btu/hr-sqft-F] (assembly) (21% better than IECC 2012) 

• SHGC >0.50 



Ext. Roof Construction Final Recommendation 

Roof Insulation 
 

– Icynene insulation w/batt +2” polyiso foam board 
 

• R Value Assembly – 60.9 [hr-sqft-F/Btu] (20% better than IECC 2012) 
 

Basement Walls 
 

– ICF foundation 
 

R Value Assembly – 22 [hr-sqft-F/Btu] (32% better than IECC 2012) 

Inter-zonal Floor 
 

– Icynene 
 

R Value Assembly – 13 [hr-sqft-F/Btu] 
This can be increased if deemed necessary by HERs rating system 

Thermal Mass 
 

– Potential Considerations 
 

Consider tile floor, and doubling drywall thickness 



Re-Design Roof Layout 

• Roof Re-Design Options 

• Option #1 – Remove clerestory 

• Option #2 – Add a sloped roof section (10 to 15 deg) 

• Pre-fabricate roof system with PV in factory 



Window Designs and Overhangs 

Window to Wall Ratio 
 

– Minimize north, east and west glazing  

– Maximize south glazing 
 

Window Overhang 
 

– North façade does not need overhangs 

– Offset overhang above window by 6-18 inches  

– Design overhang with 12-24 inch length 
 

Façade Window Description Net Dimension 
Recommended 

Length (in) 

Recommended 
Height Above 
Window (in) 

Recommended 
Width Beyond 

Window Edge (in) 

South 
Two 36in x 60in windows on w/ two 36in x 
30in windows below 1st floor 

72in x 90in 18-24 6 6 

South Two 30in x 48in windows on 1st floor 60in x 48in 18-24 6 6 

South 
Two 36in x 30in windows  w/ two 36in x 
30in windows below on 2nd floor 

72in x 60in 18-24 6 6 

West Two 36in x 24in windows on 1st floor  72in x 90in 18-24 6 6 

East Two 36in x 24in windows on 1st floor 72in x 24in 18-24 6 6 

East Two 36in x 24in windows on 1st floor 72in x 24in 18-24 6 6 



Exterior Shading:  South Façade Results 

Window Description Net Dimension 
Two 36in x 30in windows w/ two 36in x 30in 

windows below on 2nd floor  
72in x 60in 

National Renewable Energy Laboratory                                                                                                                                       Innovation for Our Energy Future 

  Case 1 Case 2 
Solar Radiation Data 

Manual 

Overhang (O) Length (in) 24 18 32.04 

O Height Above Window (in) 6 6 19.26 

O Width Beyond Window (on each side) (in) 6 6 12.00 

Average % Shade Winter 15% 11% 8.65% 

Average % Shade Summer 42% 34% 38.41% 

Avg. %Shade Difference 27% 23% 29.76% 



Example Overhang Design 



Infiltration and Ventilation  

Infiltration 
 

– RECOMMENDATION – Effective leakage area of 0.45 ft2  or less than 0.1 ACH 

 

• All trades need to take ownership of infiltration requirement 
 

– Step 2: Develop specification related to construction activities  
 

• House wrap shall be overlapped and taped correctly 
 

• All exterior penetrations shall be sealed 
 

• Gasket joints between modular units 
 

• Consider hiring an air sealant specialist 

Balanced Energy Recovery Ventilator 
 

– Require ERV or HRV 

– HRV can be installed if cheaper due to low humidity in CO 



Ground Source Heat Pump 

GSHP 
 

– Require GSHP 

– Loop field can be vertical or horizontal 

– Determinant is installed cost < $3,500/ton 

– Purchase highest efficiency unit available 

– Require de-superheater and pre-heat tank 

– Request ECM motor and variable speed pumping if available 



Programmable Thermostat 

Programmable Thermostat Requirements: 

– Minimum of 7 day scheduling capability 

– EASY TO PROGRAM 

– Able to turn zone or unit on-off based on time and temperature 

– Adjustable dead-band (differential where thermostat remains neutral – 

no heating or cooling) 

Programmable Thermostat Optional: 

– Occupied/unoccupied control 

– Heating only 

– Cooling only 

– Ventilation only 

http://yourhome.honeywell.com/Consumer/Cultures/en-US/Products/Thermostats/Do-It-Yourself/Default.htm 



Duct Leakage  

Duct Leakage 
 

– Step 1: Develop duct system specifications  

 

• Specify duct leakage rate requirement  (less than 5% of total air flow) 

 

• Specify mastic sealed or equivalent on duct joints and connections 

 

 



Lighting 

Interior Lighting 
 

– Install CFL based lighting or LED in all interior spaces 

 

Interior Recessed Can Lighting 
 

– Consider installing recessed can LEDs 

 

– 12 Watt LED provides as much light as 75 Watt incandescent 

 

– 50,000 hour life versus 10,000 hr CFL 

 

Occupancy Sensors 
 

– Install occupancy sensor in laundry rooms 

 

Exterior Lighting  
 

– Specify LED lighting for all accent lighting 

 

LR6 from Cree LED Lighting Solutions 

12W 



Lighting 



Large Appliances 

Refrigerator  
 

– Specify an energy star refrigerator (top mount, <374 kWh/yr) 

 

Cooking Range  
 

– Specify an electric induction cooking range 

 

Dishwasher  
 

– Specify an energy star dishwasher 

 

Clothes Dryer  
 

– Specify a dryer with a temperature and moisture sensor 

 

– Install a clothes line in the basement or laundry room to hang clothing 

 

 

 



Clothes Washer and DHW Distribution 

Clothes Washer  
 

– Specify an energy star clothes washer 

 

– Specify a horizontal axis unit with weight sensing element 

 

– Consider specifying a cold only clothes washer 

 

Domestic Hot Water Distribution 
 

– Specify a home run DHW system with PEX piping and no insulation 

PV System 
 

– Specify a  4-5 kW PV system 



Transportation and Infrastructure 

• PHEV with carport PV charging 

• Carport PV could also feed into powering street lighting and non-

building infrastructure  



Lessons Learned for Main Development 

Imperative to persistently educate all involved on life cycle cost of energy in buildings - 
 
– Efficiency first, then renewables 

– Optimize at the system level 

– Cultural change is required.  Prepare for it and address it 

– Successful completion of the project will require 

– A comprehensive plan that all parties agree to 

– Commitment from all parties involved 

– Leadership and drive to ensure project objectives are met 



– PrairieStar Project 

http://www.prairiestarcolorado.com/ 

 

– FortZED 

http://fortzed.com/ 

 

– South Lincoln Re-Development 

http://www.denverhousing.org/development/SouthLincoln/Pages/default.aspx 

 

– GEOS 

http://discovergeos.com/index.php 

 

– Solar Row Boulder 

http://www.treehugger.com/files/2007/09/solar_row_susta.php 

Local Net Zero Energy Community Projects 

http://www.prairiestarcolorado.com/
http://fortzed.com/
http://www.denverhousing.org/development/SouthLincoln/Pages/default.aspx
http://discovergeos.com/index.php
http://www.treehugger.com/files/2007/09/solar_row_susta.php


•BedZED – South London, UK 

•http://inhabitat.com/bedzed-beddington-zero-energy-development-london/ 

 

•Harrow ZED, Ashford ZED, Newlands ZED (All small to mid level UK developments)  

•http://www.zedhomes.com/html/developments/ 

 

•Masdar City – Abu Dahbi (in development) 

•http://www.masdarcity.ae/en/index.aspx 

  

•Moreland Solar City – Moreland, Australia 

•http://www.morelandsolarcity.org.au/ 

International Net Zero Energy Community Projects 

http://inhabitat.com/bedzed-beddington-zero-energy-development-london/
http://inhabitat.com/bedzed-beddington-zero-energy-development-london/
http://inhabitat.com/bedzed-beddington-zero-energy-development-london/
http://inhabitat.com/bedzed-beddington-zero-energy-development-london/
http://inhabitat.com/bedzed-beddington-zero-energy-development-london/
http://inhabitat.com/bedzed-beddington-zero-energy-development-london/
http://inhabitat.com/bedzed-beddington-zero-energy-development-london/
http://inhabitat.com/bedzed-beddington-zero-energy-development-london/
http://inhabitat.com/bedzed-beddington-zero-energy-development-london/
http://inhabitat.com/bedzed-beddington-zero-energy-development-london/
http://inhabitat.com/bedzed-beddington-zero-energy-development-london/
http://www.zedhomes.com/html/developments/
http://www.masdarcity.ae/en/index.aspx
http://morelandsolarcity.clientstage.com.au/index.php


































































































































































COMPONENT UNIT FINANCIAL UPDATE – APRIL 2011 

 

MFPH ACQUISITIONS 

 

Revenue 

 

MFPH is over budgeted amounts in revenue by 5% or $6,208. 

 

Rental income is over budgeted amounts by 4% or $5,688 year to date.   MFPH total projects are 

at a 97% average occupancy year to date.  As of April 30, 2011, there is one vacant unit at 

Lafayette Villa West.      

 

Expenses 

 

MFPH is under budget by 27% or $31,933 in operating expenses to date. 

 

Administrative expenses are under budget by 7% or $2,726. 

 

Utility expenses are under budget by 20 % or $3,095.  

 

Maintenance contract and salary expenses are under budget by 63% or $22,531 and maintenance 

materials is under budget by $832. 

 

Non-routine maintenance of $2,700 is for furnace door replacement at Dover Court. 

 

MFPH has an unrestricted cash balance of $281,933 as of April 30, 2011. 

 

 

SFPH ACQUISITIONS 

 

Revenue 

 

SFPH is over budgeted amounts in revenue by 1% or $592. 

 

All units are at or above budgeted occupancy, with the exception of 1820 Lyonesse.  This unit 

was unoccupied through March 1, 2011.    

 

Expenses 

 

SFPH is over budget by 20% or $11,028 in operating expenses to date. 

 

Administrative expenses are under budget by $131. 

 

Utility expenses are under budget by 30% or $2,383.   

 

Maintenance contract and salary expenses are over budget by 97% or $14,148.  This is primarily 

due to snow removal, which is over budget by $13,957 due to high snowfall at our mountain 

units during the first three months of the year.  Maintenance materials are over budget by $1,052. 

 

SFPH has an unrestricted cash balance of $64,002 as of April 30, 2011. 
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