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Overview of Solar and Renewable Energy Technologies
Utilized at the Chino Valley Campus of Yavapai College

1.0 Introduction

The Chino Valley campus of Yavapai College, which is the home of the 15,000 ft* Agribusiness
and Science Technology Center (including the Construction and Building Technology program
of which the Solar and Renewable Energy classis a part of the curriculum), was opened in early
2004. The facility design was by DLR Group and, since being constructed by Shrader &
Martinez Construction, Inc. , has won several awards for “ Green Building”* including:

“Best of 2004 Green Building Under $5 Million” award by Southwest Contractor’; and
the

Silver LEED (Leadership in Energy & Environmental Design) certification from the U.S.
Green Building Council, the most recognized green building rating system in North
Americathat assesses the environmental sustainability of building designs.?

*Green Building being the concept wherein we can satisfy all of our housing needs, conserve
limited resources, and protect our natural environment for the long-term health of our planet and
future generations.’

A significant portion of the green building technol ogies that resulted in each of these awards, and
also the topic of this research report, were the solar and renewable energy technologies that are
incorporated into this facility. Each of these technologies are discussed in the following sections.
2.0 SOLAR TECHNOLOGIES

21  Passive Solar Elements

The design of the Agribusiness & Science Technology Center (A& STC) includes a number of

passive solar features that satisfy :
the principles outlined in the text* | Floure 1 | New Bullding e el
used in the CBT 182 Solar & = " anabuiness 4 scimnce

] '
dludent/ stoff

Renewable Energy class. The
principles satisfied include:

1. Good solar access The
area  surrounding  the
A&STC does not have tall
buildings or nearby
landscaping  which  can
potentially block access to .
the sun. Yovapai Communify College Bistrict L oLR Grove.

2. Building orientation As shown in Figure 1, the long axis of the A&STC faces
approximately 20éwest of south. Although there is a small decrease in winter heat gain
associated with and orientation that is not due south, there is a larger summer heat-gain



penalty. Overall, however, this orientation still falls within an acceptable range for
achieving passive solar warming during the winter months.

. South-facing
windows As shown
in Figure 2, a
significant  portion
of the southwest-
facing wall surface
aea has solar
glazing designed to
perform  according |
to the architectural
specifications”:

thermally broken aluminum window frames to minimize heat transference
from inside to outside, or outside to inside;

glazing in the clerestory windows (Viracon VE1-85) has a low-e coating that
allows transmittance of more visible light (Vi = 76%) and higher solar gain
(SHGC= 0.54) than the gallery windows (Viracon VE3-85) which has V; =
38% and SHGC = 0.33°. These differencesin glazing represent a compromise
between solar heat gain in winter and glare®.

Both the clerestory and gallery glazings alow abundant winter sun to enter the enclosed
space and provide passive, direct-gain winter heating to the hallway and adjacent
classrooms. These windows also provide significant daylighting in the gallery.

Overal, the well-designed thermal envelope and high-performance glass package enabled
the facilities design team to reduce the size of the geothermal well field (discussed in
section 4.0) by 20%’.

. Thermal mass As .
shown in Figure 3,
the dab-on-grade
concrete and
ceramic tile (made

of recycled glass®
manufactured by

Terra Green
Ceramics) on the
galery floor
provides the

necessary  thermal
mass to retain
direct-gain heat
from the winter sun.
In addition, the |
masonry-block




walls in the hallway absorb direct-gain heat energy through the clerestory windows (see
Figure 2) and reflected heat energy where there is no direct sunlight on the block.

5. Window overhangs As shown in Figure 2, the clerestory and gallery windows each have
overhangs that offer shading from the summer sun. The gallery windows appear to be
adequately protected from summer heat gain by the wide awning. Using estimates of the
clerestory window dimensions (approximately 24 in. x 88in.) and dimensions of the
overhang (1ft above window, 1.5 ft deep) it is possible to use overhang design programs
(e.g., such as are available on susdesign.com) to determine that a 12 Noon on the
summer solstice (June 21) sunlight will begin to enter each clerestory window, at about 2
pm the lower half of the clerestory windows will be in sunlight, and at 5 pm the windows
will fully bein sunlight and allowing heat gain within the building.

6. Cross ventilation Each of the classrooms has at least two awning-type windows which
open to allow some degree of cross ventilation if the classroom door is open.

The A&STC dso has a Building Management System (manufactured by Johnson Controls),
which automatically controls the air temperature®. The computer-controlled Building
Management System (BMS) operates around the temperature setpoint of the rooms. The BMS
operates according to the following hierarchy:

The clerestory windows provide the first stage for temperature control. Using temperature
sensors in the rooms, if warmer temperatures are sensed, the BMS signals the motorized
window-control system (manufactured by Clearline) to open the clerestory windows.
Warm air in the long, tall gallery hall (see Figure 2) buoyantly rises and vents to the
exterior, simultaneously pulling in cooler air from the lower level to set up a natural
convection loop. If this natural ventilation keeps the space cool enough, then backup
cooling is not called on by the BMS.

If temperatures continue to rise above a threshold level, then backup cooling is called on
by the BMS. The clerestory windows automatically close by motorized control and fans
kicks on in full-economizer mode to provide space ventilation.

Finally, if additional backup cooling is required, then the compressors come on to
provide mechanical air conditioning.

The BMS then sequentially reverses the control systems down as the heat load (e.g., skin,
internal, equipment, etc.) decreases.

2.2 Photovoltaics

The A&STC building includes a 2.4 kilowatt photovoltaic system with 32 75-watt flat-plate,
solar panels (manufactured by Shell Solar) mounted on the south-facing walkway eaves, as
shown in Figure 4. This fixed system appears to have a tilt angle of approximately 45é (22.5é
eave angle + 22.5¢€ plate angle) and, thus, would have the potential of generating a yearly
average of approximately 14.4 kilowatts per day (6.0 average hours per day of insolation x 2.4
KWH system) of DC electrical power®. For a grid inter-tie system, this fixed angle of the panels
is agood compromise between the winter and summer sun angles'®.



The electric power generated capacity of this system at any particular moment can be viewed
directly on the inverter meter located in the hallway. As of mid-April 2005, the panels were
generating approximately 12.5 KWH of power per day and, since commissioning in January
2004, have generated atotal of 5,167 KWH. This equates to average of approximately 4.9 hours
of power-generating sunlight per day (i.e., 4.9 hours average insolation * 2.4 kilowatts * 440
days = 5,174 kwh). This average daily value is about 18% below the NREL-published daily
average value of | Figure 4
approximately 6.0 hours for Solar Hot Water Collector
panels with a 45&tilt angle
in the Prescott region® and
may be a result of the Solar Panels on Eave
anomalous 2004-2005

winter weather reducing the

amount of sunlight hitting

the panels.

The power generated by
these panels is not used on-
site but rather has a grid
inter-tie  that  balances
against the monthly power
used by the A&STC. At
current residential power
rates of $0.087 per KWH,
the 5,167 KWH of power generated in the last 15 months has a value of $450.

2.3 Solar Hotwater

The A& STC facility includes a single solar hot-water collector (manufactured by SunEarth) that
is a glycol-based, closed-loop system. The collector is located at the far right hand side of Figure
4. With this type of system, apump circulates a propylene glycol / water mix through the thermal
collector. The collector is a glass faced box which stops the sunlight, converts it to heat, and
transfers this heat to the passing liquid. Within the box, the absorber surface is black to improve
its efficiency and heat loss out of the back is reduced by insulation. The heated fluid then enters a
heat exchanger unit which consists of a steel tank with a spiral of copper tubing around the
lowermost 1/3 of it. The copper tubing containing the heated glycol/water mix transfers its heat
through the tank wall to the domestic water supply inside the steel tank. The glycol, having given
up al or a portion of its heat energy, then continues through the pump for another iterative cycle
of heating in the collector.

However, as we discussed in class, the A& STC collector has a minor design flaw as the cooler
fluid entering the collector at the lowermost level aso exits the exits at the lowermost level.
Thus, fluid can “short circuit” straight across the panel along the path of least resistance without
having received a full share of heat energy. An improved design would have been to have the
fluid exit at the uppermost level of the panel, thereby forcing fluid to travel alonger distance and
receive more heat energy.



The hotwater generated by this collector is the primary system for al of the hotwater use in the
facility. As a backup, the system is equipped with electric-resistance heating element in the
storage tank®.

3.0 WIND TECHNOLOGY

As shown in Figure 5, a pole-mounted wind :
turbine is located to the west of the main | Figure >
A&STC facility. This turbine is a water
pump, manufactured by Bowjon, which uses
compressed air to lift water from the well
associated with it. Conceptually, in a water-
lifting mode, the wind-driven rotation of the
Bowjon blades operates a direct-drive air
compressor. The air is directed down a
tubing string that is below the static water
level and run through an engineered ar
injector. Asthe air is injected into the water,
the density of the mixture is decreased. The
aerated water, now at a lower density than
the surrounding water, buoyantly rises back
up the supply tube. With the Bowjon
system, the recommended distance for the
air injector to be submerged below the static
level is 30% of the distance of the water to
be lifted. Too little submergence and the air
will separate from the water, too much and
the air will not lift the water. This pump isn't
bothered by running dry. Water output
depends on wind speed, naturally, but the
larger Bowjon model is capable of up to 9 gallons per minute at lower lifts, or can lift a
maximum of 275 ft*!

On the A& STC campus, however, the Agribusiness facility uses the Bowjon for an alternative
purpose. Rather than pumping ground water, the compressed air generated by the Bowjon is used
to aerate the pond and maintain dissolved oxygen levels for algae control. In addition, thereis a
a solar panel and battery system (see inset in Figure 5 showing pond and solar panel inside
circle) that powers a 12volt DC blower to provide additional pond aeration capabilities when
wind power isinsufficient’?,

4.0 GEOTHERMAL TECHNOLOGIES
The primary technology used for conditioning interior space at the A& STC facility is a ground-

source heat pump. In addition, a water-to-water heat pump provides in-floor hydronic heating
throughout the facility. Each of the two geothermal technologies are discussed below.



4.1 Ground-source Heat Pump Technology at the A& STC

Conceptually, ground-source heat pumps
work on a different principle than an
ordinary furnace/air conditioning system.
Furnaces must create heat by burning a
fuel--typically natural gas, propane, or fuel
oil. With ground-source heat pump
systems, there is no need to create heat,
hence no need for chemical combustion.
Rather, heat energy is absorbed from the
earth which is a huge energy-storage
device that absorbs 47% of the sun's
energy. Using ground-source heat pumps
in the heating season, the Earth’s natural
heat energy is collected through a series of
pipes (i.e., a loop) instaled below the
ground surface, as shown in Figure 6. In
the case of the A& STC facility, avertical-
loop system was configured in a 32-well
field. The well field, shown in Figure 7,
consists of wells were drilled to a depth of
300 ft where the groundwater temperature
is a relatively constant
684~. Water  pumped | Figure 7
through the subsurface
closed-loop tubing system
gathers heat from the
ground water (i.e, water
being is a much more
conductive medium for heat
transfer than dry or even
water-saturated earth) and
carries it to the surface.

Figure 6

An indoor exchange system
then uses electrically-
driven compressors and
heat exchangers in a vapor
compression cycle--the
same principle employed in
a refrigerator--to
concentrate the heat energy gained from the earth. So-called “ GeoExchange systems’ don’t have
to work as hard as air-source heat pumps (which means they use less energy) because they draw
heat from a source whose temperature is moderate. Ground-source heat pumps can aso be used
to cool the interior environment by running in reverse during the summer. Excess heat is drawn
from the facility, expelled to the loop, and absorbed by the water in the downhole loop. The
GeoExchange system provides cooling in the same way that a refrigerator keeps its contents



cool--by drawing heat from the interior, not by injecting cold air. According to the U.S. EPA,
GeoExchange is the most energy-efficient, environmentally clean, and cost-effective space
conditioning system available and operate at efficiencies up to 400%. The use of geoexchange
system lowers electricity demand at the A&STC by nearly 1 kW per ton of heat-pump
CapaCity.'5'13'l4'15'16

4.2 Water-to-water Heat Pump Technology at the A& STC

As previously mentioned, a
water-to-water heat pump,
manufactured by Climate
Master, provides hot water
for the hydronic in-floor
heating system a the
A&STC. Hydronic heating
was integrated into the
facility as a means to reduce
energy use and provide better
thermal comfort in a heating-
dominated climate. By | Figure9
increasing the radiant
temperature of surrounding
surfaces, mass walls and
exposed dab, the air
temperature can be
maintained a a lower
temperature and still maintain
a high degree of comfort in
the spaces. In addition,
during seasonal changeover
periods, when some rooms
may need heating and others
cooling, the system can
‘move heat’ between rooms
without even engaging the
pumps that access the well
field™.

Figure 8

The concept of a water-to-water heat pump is illustrated in Figure 8. During the refrigeration
cycle, heat is transferred from the source-side heat exchanger (coming in from the well field) to
the load-side heat exchanger, or vice versa. The load-side heat exchanger provides conditioned
fluid (hot or cold) to a mechanical device such as the hydronic in-floor coils. In the A&STC,
only hot fluid is circulated through the in-floor coils (as shown in Figure 9) during the heating
season as there is a concern that circulating a cool fluid through the slab during the cooling
season would lead to condensate formation™.
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