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Application of Results:

The proposed research would add information on solar cooling/dehumidification equipment and their application to Chapter 33 of  HVAC Applications and Chapter 33 of HVAC Systems and Equipment.

State-of-the-Art (Background):

The objective of the proposed project is to dramatically improve the competitiveness of a desiccant air conditioner that runs on solar thermal energy.  Most past attempts at commercializing a solar desiccant system have used available solar thermal collectors.  These collectors supplied either hot air to regenerate a solid desiccant or hot water to regenerate a liquid desiccant.   While researchers have tried to integrate the thermal collector with the desiccant regenerator [Howlader, Wood, Folkman & Stack, 1998; H. Robison, 1982], these efforts have not led to the commercial readiness that has been achieved by solar hot-water and hot-air collectors.

Advancement to the State-of-the-Art:

The proposed project will address both the high cost and relatively low regeneration efficiency of a solar desiccant air conditioner that uses conventional thermal collectors.  As an example, the solar thermal collectors that can supply 180oF hot water have an installed cost of about $30 per square foot of collector area.  A desiccant regenerator running on this heat source will have a COP of about 0.38 (based on incident solar energy).  In a typical application in the Southeastern U.S. (e.g., Tampa, FL), this collector will supply 230,000 Btu per square foot.  Assuming 80% utilization of this solar energy and $10 per million Btu for alternative thermal energy provided by natural gas, the collectors will pay for themselves in 16 years. 

The goal of the proposed project will be to reduce the payback for a solar desiccant system to 8 years or less.  Although past R&D has not led to a commercially ready system, it has shown the potential for an integrated solar-collector/desiccant-regenerator to be both less expensive and more efficient than the conventional alternative.  A regenerating collector with an installed cost of $20 per square foot and a COP of 0.55 are achievable goals for the proposed project.

Justification and Value to ASHRAE:

The successful introduction of a solar cooling system that is based on the proposed research will advance ASHRAE’s Research Strategic Plan for Sustainability and contribute to the goal of up to 70% reduction in building energy usage by 2015.  The impact will be greatest in the Southeast where solar availability is high and indoor humidity control is a critical problem.  ASHRAE members involved with the design, construction and operation of commercial buildings will be the first to benefit from the technology.  As the technology matures it will move into more northern and western areas of the country and into the residential HVAC market.

Considering the escalating costs for energy and the current concern over moisture problems in buildings, a solar desiccant system that had a pay back of less than 8 years would gain a significant share of the cooling/dehumidification market.  With encouragement from the government, a reasonable goal would be 20% of the cooling market served by solar desiccant systems within the next 15 years.

The proposed research will elicit very creative responses that should produce ASHRAE intellectual property rights.

Objective:

The proposed project will have five primary tasks: (1) the design of the regenerating collector, (2) fabrication of a prototypical collector, (3) performance testing of a prototypical collector, (4) estimate of manufacturing costs, and (5) evaluation of payback in a simulated application.  These tasks will result in the design, fabrication and testing of a prototypical regenerating collectors.  The cost of a solar cooling system that uses this technology will be estimated.   This cost data and the measured performance will be factored into an analysis of the competitiveness of the solar system with conventional technologies.
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