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So What Did BSC Bring to the Table?

= Carter = heavy lifting
(i.e., building the darn
houses)

» Group of high-powered
energy geeks

= Energy analysis—
comparison of options

= Monitoring
= Utility bill tracking
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Energy Analysis/
Net Zero
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Capital Investment vs. Operating Cost
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Parametric Simulations
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Cost Effectiveness: Beyond Simple Payback

Extended Cost Effectiveness Analysis

$ per 1076 Btu $per 1076 Btu
Savings Saved Estimated Saved
Cost [10° Btu / yr] (1year) Lifetime [yr] (Lifetime)
Energy saved
Component over lifetime of
lifetime measure
“Cost per unit of
energy saved”
Cost of Source Energy Savings
upgrade (from typical analysis)
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Cost Effectiveness: Beyond Simple Payback Ventilation Systems
Extended Cost Effectiveness Analysis = Heat recovery ventilator problems
$per 1076 Btu $per 1076 Bu = Cost: ~$1500 installed (single point supply/exhaust)
Savings Saved Estimated Saved L. . X
Cost [10° Btu / yr] (1year) Lifetime [yr] | (Lifetime) = Distribution to closed rooms—adding ductwork or a
11 kWb Phot ltaic Svst distribution fan
p Fhotovoltaic system = Supply-only ventilation instead?
[ $61,600 | 105.5 [ $584 [ 30 [ §1947 ] .
= Tempered—draw from bedrooms & exterior; supply to
Heat recovery ventilator corridor
[ $1000 ] 1 [ $880 15 | $5865 * ~$900 installed
= Provides distributed ventilation at lower cost, but loses
Solar DHW system heat recovery
[ $5000 ] 50 [ $999 [ 25 [ $3995 |
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Supply-Only Ventilation System
4Vennlat:on/l

Building
Air Intakes
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Supply-only vs. HRV

Al Intake System 33% Runtime 100% Runtime
52 Supply-Only Ventilation $45/year $130/year
> ] Balanced Ventilation (HRV) $20/year $65/year

Ueno/Scott

= Total energy cost of two systems: fan energy,
change of heating/cooling energy

At 33% and 100% of ASHRAE 62.2 rate
= HRV saves energy in both cases—is an upgrade
= Test installations currently in houses

HRV effectiveness changes with ventilation
amount/runtime
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Net Zero Performance

6.4 kWp PV array
- 11 months data
7860 kWh consumed

1500

1 7502 kWh produced
1000 H Electric resistance DHW
Solar DHW—lower summer bills .
s (otion Fuel Choices
a 500
E Larger PV arrays plgnned
=
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500 =
-1000
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Site and Source Energy Site-Source Example

Electricity:

~20 million Btu/year site energy — ~67 million Btulyear source energy

s iiEs
1 i ki W bk -
the power plant
ﬁ needs to "burn” this.
(coal, gas, nuclear . . )
To make this much
electricity Bal—
S
Cornventional gas Conventional electric
-Site-source conversion changes based on location/grid, time of day, season tank (~0.59 EF) site tank (~0.92 EF) site
+Site-source number has change of improving with more renewable power “Source Efficiency” ~ 54% “Source Efficiency” ~ 27%
Building Building
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Water Heating: Best Options?

bbHO

Condensing instantaneous
tankless (~0.9 EF) site

“Source Efficiency” = 82%

ASHP (electric) water
heater (2.11 EF) site

“Source Efficiency” = 63%

Building
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But that’s not the whole story...

* Monthly gas service charges (~$8/month)

» Especially at low loads—e.g., 2 therms/month

= Cost of installing gas main (e.g., new subdivision)
= All electric = easy to demonstrate net zero

» |AQ reasons to eliminate fossil fuel consumption?

= Simulations of heat pump water heater plus heat
pump space heating

= +330 kWh/year heating / - 70 kWh/year cooling
+260 kWh/year net = +10% space conditioning

Building
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Single Point Heating
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Single Point Heating Background

» Used successfully with other superinsulated
projects (~R-40 walls, triple glazed windows)

= SWA work: small distribution fans to bedrooms
(81 CFM total)

= Conclusion: distributes ventilation air, not heat

= Need ventilation fan when bedroom doors are
closed for good ventilation distribution

= Doors closed, ventilation fan on, outdoors ~20° F:
Bedrooms dropped ~5° F overnight

Building
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Heat Flow at AT=5 F Hall-to-Bedroom Add 30 CFM Fan (at AT=5 F)
Conduction through walls & floors at Need ~400 CFM vs. 90 CFM to meet loads
1000 0 e 1000
design conditions (0.4% outdoors) Does not include open doors
900 900
800 800
E 700 E 700
<
S_ 600 S, 600
- -
E 500 E 500
& 400 § 400
g $
a 300 a 300
200 200
100 100
0 T T 0
Master BR Bedroom 3 Bedroom 2 Master BR Bedroom 3 Bedroom 2
EWwalls BFloors & Remain. Load mwalls BFloors ®30CFMFan 2:Remain. Load
N Corporation 1 N Corporation - ?

Background on Townsend Monitorin Instrumentation Setup (First Floor)
= Temperature and RH i o S i |
in hallway, rooms e
= Runtime logging on It b
mini splits
= Door open/closed l¥
status Se= ;:f'f*?;'npe,,,}u@(,gﬁ.b,:’ X
1 l‘Mirﬁ-.splitheadf . T
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Instrumentation Setup (Second Floor)
vt o TRl ¢
Door Sensor - b b .
ot 8 i Single Point Heating:
Sém : B

Bedroom 1

Temperature/RH @ R e S u I t S
(Storage)

Door Senéorl‘ t 1

Bedroom 2 @ == Mini split head
Temperature/RH |
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First Floor Temperature/Runtime First Floor Temperature/Runtime
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Exterior Temperature vs. Runtime
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Exterior Temperature vs. Runtime
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First vs. Second Floor
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Second Floor Temperatures

Deep setbacks used on
second floor as well

» Hallway “spikes” higher
(mini split head in hallway)

« Master bedroom (purple)

seems to lag on recovery

85
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Second Floor Temperatures

Temperature (F)
2

126

13 130 mn 213

27

When is Master BR Colder?
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Hallway vs. Bedroom Correlations (MBR)
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Hallway vs. Bedroom Correlations (MBR)
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Hallway vs. Bedroom Correlations (BR1)
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Hallway vs. Bedroom Correlations (BR2)
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Conclusions

Getting to Zero Cost Effectively

= Single point heating per floor can keep rooms
close to setpoint (~5-7° F)

» Deep heating setbacks cause greater differences

» Leaving doors closed increases temperature
differences

= Deep setbacks result in long runtimes for mini
split heat pumps

= “Acceptable sizing” data inconclusive
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u for your time!
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This concludes The American Institute of Architects
Continuing Education Systems Program
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