
CIR1166

A Portable Demonstration Forced- Air Cooler 1

M. T. Talbot and J. H. Fletcher2

1. This document is CIR1166, one of a series of the Agricultural and Biological Engineering Department, Florida Cooperative Extension Service, Institute of 
Food and Agricultural Sciences, University of Florida. Original publication date June, 1996. Reviewed July, 2002. Visit the EDIS Web Site at 
http://edis.ifas.ufl.edu.

2. M. T. Talbot, associate professor, Agricultural and Biological Engineering Department; and  J. H. Fletcher, county Extension director, Madison County, 
Cooperative Extension Service, Institute of Food and Agricultural Sciences, University of Florida, Gainesville, 32611. The Florida Energy Extension 
Service receives funding from the Energy Office, Department of Community Affairs, and is operated by the University of Florida's Institute of Food and 
Agricultural Sciences through the Cooperative Extension Service.  The information contained herein is the product of the Florida Energy Extension Service 
and does not necessarily reflect the view of the Florida Energy office.

 The Institute of Food and  Agricultural  Sciences (IFAS) is an Equal Employment  Opportunity - Affirmative  Action  Employer  authorized to provide  
research, educational  information  and other  services only to individuals and institutions that function without regard to race, creed, color, religion,  
age, disability, sex, sexual orientation, marital status,  national origin, political opinions or affiliations.  For information  on  obtaining  other  extension  
publications, contact  your  county Cooperative Extension  Service office.  Florida Cooperative Extension Service / Institute of Food and  Agricultural 
Sciences / University of Florida / Larry R. Arrington, Interim Dean

During the past five years, there has been a 
significant increase in the production of fruit and 
vegetable crops in the twelve-county region north of 
Gainesville, Florida.  The principle crops being 
grown or considered in the region are squash, 
peppers, cucumbers, tomatoes, sweet corn, and 
eggplant.  Most of these crops are produced for the 
fresh market.  Estimates indicate the acreage will 
increase more during the next 5 years.  The State 
Farmers' Market in White Springs, provides an 
excellent marketing opportunity and incentive for 
vegetable and fruit producers in the region [2]. 

Produce which is not cooled quickly after harvest 
degrades in quality [5].  It has been estimated that 10 
percent of crops which are harvested never make it to 
market due to improper or the absence of cooling of 
the commodity.  This translates into a large economic 
loss.  The energy loss after harvest but before market, 
due to the large amount of energy sequestered in the 
produce, is also substantial.  Sequestered energy is 
that energy which is invested in a crop during land 
preparation, planting, fertilization, irrigation, pest 
control and harvest.  The sequester energy, lost cost 
of production, or lost sales value can be used to 

estimate the impact of a 10% loss due to spoilage.  
The direct and total primary energy requirements to 
produce various Florida vegetables have been 
reported [4].  For pepper, cucumbers, eggplant, 
greenhouse vegetables, squash, and tomato, the total 
primary energy requirements are8.2x10 4 , 3.3x10 4 , 
7.3x10 4 , 295.5x10 4 , 2.3x10 4 , and 7.6x10 4  
kWh/ha (113.3x10 6 , 45.1x10 6 , 101.0x10 6 , 
4080.0x10 6 , 31.8x10 6 , and 104.3x10 6  BTU/acre), 
respectively.  Therefore, a 10% spoilage loss would 
equate to a sequestered energy loss of 0.8x10 4 , 
0.3x10 4 , 0.7x10 4 , 29.5x10 4 , 0.2x10 4 , and 0.8x10 
4  kWh/ha (11.3x10 6 , 4.5x10 6 , 10.1x10 6 ,  
408.0x10 6 , 3.2x10 6 , and 10.4x10 6  BTU/acre), 
respectively.  Postharvest losses diminish 
proportionately the productivity of energy inputs for 
agricultural systems [3].  The quantity of commodity 
produced per ha (acre) and the cost of production per 
ha (acre) are available for most crops and the 
postharvest loss can be accessed in terms of 
monetary value.  The value received for the product 
also indicates the impact of postharvest loss.  
Preventing postharvest loss is an important factor in 
preventing energy loss as well as maintaining quality. 
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There are several methods of cooling produce: 
hydrocooling, forced-air cooling, room cooling, 
vacuum cooling, slush icing [5].  All of these 
processes use electrical energy extensively, but the 
amounts or time-of-use of energy being consumed 
depends on the scale of the operations.  While it is 
difficult to make a side-by-side comparison of the 
various cooling methods, forced-air cooling is the 
most energy efficient followed by package ice 
(including slush icing), hydrocooling, and vacuum 
cooling [9].  There are many considerations in the 
selection of a precooling method and one is 
thecompatibility of the method with the commodities 
to be cooled.  Some crops can be cooled with more 
than one method while others are limited to one 
method [5]. 

Many produce types grown in North Florida 
cannot be exposed to water or ice (water-borne decay 
organisms, chilling injury) [5].  Maintenance of the 
hydrocooling water quality and disposal of the this 
water after use are both potential problems.  Vacuum 
cooling is best for high surface area to volume ratio 
commodities like leafy crops.  The slush ice method 
has advantages and disadvantages.  However, like 
vacuum cooling, requires more specialized 
equipment and operator skills than forced-air cooling 
and the investment cost would be too high for most 
growers in  North Florida.  The use of thermal storage 
(ice making) systems may have potential but the 
value has not been demonstrated.  Room cooling can 
be used for most crops but is generally too slow for 
precooling. 

Although a few large farmers in the North 
Florida region have installed precooling systems at 
packinghouses, there are many small, low-volume 
growers who are unable to justify the large capital 
investment.  The initial equipment cost for many 
types of cooling systems can be substantial.  In the 
past, the added investment required and operational 
costs of precooling systems have been a major barrier 
to the adoption of this technology.  Presently, their 
only alternatives are to not cool, which severely 
limits their markets, or to construct homemade 
precoolers that can be energy inefficient and 
potentially hazardous from a food safety standpoint. 

Of the crops listed above, forced-air cooling is 
applicable for all except sweet corn.  In addition, 
forced-air cooling is well suited for peaches, 
blueberries, and other deciduous fruits grown in 
North Florida.  The ability to retrofit existing cold 
rooms for use as forced-air coolers is also an 
economic advantage.  Therefore, forced-air cooling is 
a preferred precooling method for most of the 
commodities are grown in North Florida. 

A need was recognized to demonstrate the 
principles of forced-air cooling and illustrate the 
investment and operational costs required.  This 
publication discusses the design considerations, 
construction, system cooling performance and system 
costs of the small, portable, extension demonstration 
forced-air cooling unit which essentially uses 
off-the-shelf technology.  The forced-air cooler is 
intended for extension demonstrations to demonstrate 
the principles of forced-air cooling.  This cooling unit 
illustrates how to cool, stressingmanagement 
practices, as well as, provides a model for adoption 
by growers.  It is not intended to be the final design 
for which a particular grower would cool all his 
produce harvested in one day.  Most commercial 
precooling systems are custom designed to meet the 
requirements at each location.  Part of the extension 
program objective is to assist the grower in the design 
of a system which would satisfy the needs of his 
operation. 

The trailer-mounted cooling unit consists of two 
air conditioner units (mobile home type) and ducting, 
a high pressure fan, controls, and a cooling chamber 
for cooling a pallet of approximately 454 kg (1000 
lb) of containerized product [7].  The unit is energy 
efficient and affordable to a grower in the range of 2 
to 20 ha (5 to 50 acres), and will be demonstrated in 
North Florida and various locations around the state 
with various commodities.  The results of these 
demonstrations will continue to have a positive 
impact as additional demonstrations and educational 
programs are presented.  Requests for demonstrations 
should be coordinated with the county cooperative 
extension agent. 




