
Solar Thermal Air Conditioning– Early Experience and Results
Michael Reese and Eric Buchanan – West Central Research and Outreach Center

OVERVIEW

The University of Minnesota West Central Research and Outreach Center
(WCROC) has developed a field test laboratory for small scale renewable electric
and thermal energy systems. The facility is a research, demonstration, and
certification platform while allowing for the practical use of the energy.

As part of this effort, an evacuated tube solar thermal system, which was supplied
by Solar Panels Plus in Chesapeake, VA (Fig. 1), was installed. The system is
designed to provide air conditioning and space heating for the Renewable Energy
Addition of the WCROC office building. A Honeywell Energy Management System
has been installed for system control, data acquisition, and reporting.

Although solar powered absorption chillers have been used for some time in
Europe and Asia, there are only a handful of installations in the United States.
Performance data will help fill the knowledge gap about how such systems could
work in a Minnesota climate.

SYSTEM ARCHITECTURE

An advantage in system architecture can be realized by using solar energy for
cooling because the peak cooling loads are naturally aligned with the peak solar
insolation. Air conditioning can be produced from hot water via an absorption
chiller (Fig. 2). This works on the principle that water will remove heat from a
cooling circuit when evaporated in order to be absorbed into a liquid salt
solution. Heat from the solar collectors is used to liberate the absorbed water to
complete the cycle.

WCROC Solar Heating & Cooling System Details

 Conditioned space is 4700 ft2 , peak load is 12 Tons of heating (144MBH) & 13 
Tons of cooling (156MBH)

 About 2100 ft2 (200 m2) of evacuated tube collector area by Solar Panels Plus

 Yazaki WFC-SC10 absorption chiller, refrigerant is water, absorbent is lithium 
bromide 

 Heat transfer fluid is 50/50 mix of water and corn based glycol

 System volume is 600 gallons including 300 gallons of storage

 Chiller nominal input  is 190 deg F at 38 gpm; output is 45 deg F at 24 gpm

 Geothermal system provides back-up heat and cooling

 System installation and commissioning was completed in late October, 2011

System Design Principles

In heating mode (Fig. 3), solar heated water is directed to coils installed in the
building air ductwork. If the room thermostat is satisfied, the water is directed to
the storage tanks so that it can be used later. In cooling mode (Fig. 4), the solar
heated water is directed to the Yazaki chiller. The chiller operates when the
heated water is between 158 and 203 degrees F and produces chilled water which
is directed to the coils. If the room thermostat is satisfied, the chilled water is
directed to the storage tanks so that it can be used later. The heat removed
during the absorption process is rejected to the environment via a wet cooling
tower (Fig. 5).

Figure 1.  Solar Thermal Panels installed at the WCROC office

Figure 2.  Yazaki Absorption Chiller .

Figure 3.  Solar Thermal Cooling Mode Figure 4.  Solar Thermal Heating Mode

GOALS AND OBJECTIVES 

The overarching goal of this project is to fill a critical testing and information 
void with respect to small scale renewable energy systems. The main objectives 
of this poster are to:

Present information about system architecture and design principles
Describe the installation and operation of the system
Provide an early look at performance data

INSTALLATION AND OPERATION

A heat dissipation method is needed for any system designed primarily for space heating and cooling. Heat dissipation (Fig.
6) consists of standard slant fin tubing mounted to the back of the evacuated tube panels. A temperature controlled valve
diverts fluid through the fin tubing before it enters the building when the temperature threshold is exceeded. Another
consideration is chemical treatment to prevent scaling and bacteria growth in the cooling tower water.

Figure 5.  Cooling tower Figure 6.  Heat Dissipation

EARLY RESULTS

Graphs of solar irradiation, the energy collected by the panels, and the energy delivered to the office building are shown
below. The system was operated in cooling mode on October 28th (Fig. 7) and in heating mode on October 29th (Fig. 8).
Irradiation is measured by a pyranometer in the WCROC weather station. The energy collected by the solar panels is
calculated using the fluid temperature measurements going into and out of the panels and the measured flow rate. The fluid
is a 50/50 mixture of propylene glycol and water and the data is averaged over six minute intervals. The energy delivered to
the building is calculated in the same way using the temperatures and flow rate across the HVAC coils.

A coefficient of performance (COP) can be calculated for the system using the known power consumption of the pumps and
chiller. The peak COP in cooling mode was 2.2 with an outdoor temperature of 50 degrees F. This is comparable to ground
source heat pumps which typically operate with a COP of between 2 and 4. The COP in heating mode was over 50 with an
outdoor temperature of 41 degrees F showing the obvious benefit of using solar energy for space heating.
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Figure 7.  Cooling Mode Performance Figure 8.  Heating Mode Performance


