

















of natural gas. In February, 2010, the home used 373 net
kWh and 2.7 Therms of natural gas. [Note from Table 2,
that solar radiation in January 2010 was significantly lower
than TMY 3 model-based solar radiation, which explains the
difference.]

TABLE 3: MORNING SUN PREDICTED
PERFORMANCE (TMY3)

Month Net Electricity Net Natural Gas
Energy Energy Consumption
Consumption (Therms)
(kwh)
January 665 3.84
February 345 2.93
March 52 1.58
April 50 .84
May -198 .09
June -202 A4
July -172 .07
August -98 41
September 16 .83
October 148 2.36
November 453 3.64
December 788 4.01
TOTAL 1848 20.75
Est cost: $185.00 $29.00

There are several factors that need to be monitored
throughout the first year to confirm that these annual energy
use predictions are accurate:

1) Use of air conditioning — The home has been very tightly
constructed and well-designed to have adequate overhangs
in summer months of potential high summer heat gain.
Secondly, the home has extensive openable doors and
windows for night-flush cooling, capitalizing on the dry
summer climate with cool summer nights. Thirdly, the PVT
system has a night flush operational mode, in which the
ETM fan turns on at night to draw super-cooled air from the
PV modules radiating to the night sky. This cool air is
dumped into the house at night, providing a pre-cooling
which supplements openable windows. Then during
daytimes, the house is closed up, maintaining cool
temperatures without air conditioning. If all these systems
perform as designed, then air conditioning would be
minimal.

2) Heating use during extreme cold conditions — The
ductless minisplit heat pumps are designed to be highly
efficient (COP = ~3.0) even into the +20 F degree
temperature range (very rare for western Oregon). While
there were some temperatures in this range in December,
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20009, the heat pump was not operating properly during this
time frame to obtain valid data. If the heat pump systems
perform within specifications under these extreme
conditions, then the predictions will be valid.

3) Validation of Passive Solar contribution - Further data
monitoring is desired to confirm the balance of heat
provided from passive solar heat gain and the PVT space
heating function. There are some potential measurement
inconsistencies in the data that should be investigated, to
confirme the energy delivered by the PVT space heating
function.

4) Use of the gas fireplace — The home is equipped with a
gas fireplace for special occasions, and if necessary,
emergency home heating. The residents’ attitude is to use it
when they feel like it, but hours of use will affect total
annual natural gas consumption.

8. CONCLUSIONS

The construction and operation of “Morning Sun” to date
indicates that it’s realistic to expect that well-designed
homes that employ a climate-sensitive combination of
energy efficiency features and high yield solar systems can
reach rigorous energy consumption targets and reach the
“net zero” category of home.

The PV/T approach, i.e., one system producing multiple
forms of useful energy - electricity, water heat, and space
heat - while at the same time cooling the PV modules and
providing fresh air, appears to be a powerful tool for
application in Net Zero Energy homes.

If the actual measured performance data recorded to date is
further corroborated by additional data in the coming
months, then the ‘“Morning Sun’ home may reach a goal of
an EUI of 3.1, equivalent to under 7% of the energy
consumption of a typical U.S. home, placing it solidly in the
Net Zero Energy home category.
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