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Dehydrator Exhaust Recirculation for Energy Savings

Tim Bowser
FAPC Food Process Engineer

Dehydration is an important process that can be
extremely profitable for food processors. Large-volume
processors typically use continuous dehydration systems,
while smaller volumes are processed batch-wise. Energy
costs are frequently an issue in food processing opera-
tions, but particularly for those operating dehydrators.
Over the years, many researchers have reported signifi-
cant energy savings by recirculating dehydrator exhaust
air. Recirculation is the practice of mixing dehydrator
exhaust air with incoming fresh air. Five main advantages
of exhaust recirculation were cited by Weigand (1923):

1. Heat and fuel savings.

Moisture addition to air.
Decreased drying time.
Lower drying cost.

. Increased product quality.

These advantages remain true today, but within limits
that vary according to products and equipment. The pur-
pose of this fact sheet is to discuss exhaust recirculation
for batch dehydration processes and how it may be used
for energy savings and to
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plans to build a small-
scale (up to 300 Ib raw
batch size)
batch dehydrator from
Oklahoma State
University at:

www.fapc.biz/files/Dehy-
dratorManualV1.pdf

improve product quality.

Advantages of Ex-
haust Recirculation
Each of the five advan-
tages of dryer exhaust
air recirculation (listed
above) are discussed in
this section.

R. Scott Frazier
Biosystems & Ag Engineering, Energy Systems Engineer

Heat and fuel savings

Substantial heat savings can be gained from recir-
culating exhaust air. This seems counter-intuitive, since
exhaust air is laden with moisture, which can slow dehy-
dration. Temperature of the exhaust air is the key factor
to consider. When warm, moist exhaust air is mixed with
fresh air, the temperature of the mixture is higher than
the temperature of fresh air alone. This means that less
energy will be needed to heat the mixture to the dryer’s
set point. The evaporative capacity of the air mixture is
less after exhaust air is added, but the decrease is only
moderate.

One study (Walker and Wilhelm, 1995) suggested
recirculation rates of up to 75% that resulted in energy
savings ranging from 45 to 50%. Another study (Van
Leersum, 1987) recommended recirculation rates from
60 to 85% with energy savings from 30 to 60%.

Both studies considered fruit in their drying process-
es. Walker and Wilhelm dried fruit between 24 to 27%
moisture content and found that recirculation did not
affect drying time.

Achieving lower moisture content in the final product
(e.g. 10 to 15% range) may require reduced rates of ex-
haust recirculation. Reported studies experimented with
fixed recirculation rates; variable rates may be required
to achieve optimum results.

Moisture addition to the air
For most dehydration processes, low humidity air
will dry foods rapidly and completely. Some foods
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"Money can be saved my minimizing energy
losses from the dehydrator and ductwork to the
environment. Most energy is lost through air leaks
and heat transfer. Identify air leaks using talcum
powder or a smoke stick, then seal. Insulate sur-
faces that are warm to the touch.” -Tim Bowser

however, exhibit “case hardening” from low-humidity
drying, normally at the beginning of the process. Case
hardening results from a too-rapid drying of the food,
which forms a hard layer at the surface. The hard layer
slows moisture loss and the tension between the hard
outer layer and moist interior may distort the shape of
the food and cause cracks to open (United States Bureau
of Agricultural and Industrial Chemistry, 1944). Case
hardening can be avoided by recirculating exhaust air
to moderate the drying rate.

Decreased drying time

Case hardening (described in the previous paragraph)
can cause increased drying time as the hard outer layer, or
“case,” formed around the food product slows moisture
loss. The addition of moisture to the air in the dehydrator
(recycling exhaust air) helps to prevent the occurrence of
case hardening. For products with case hardening issues,
exhaust gas recirculation reduces overall drying time.

Lower drying cost

Researchers have reported energy sav-
ings from 30 to 60% for dehydration processes
with exhaust recirculation. The savings will be
offset by a partial reduction in drying capacity.

Increased product quality

If products are subject to case hardening, then ex-
haust recirculation will resolve the problem. When case
hardening is not an issue, researchers have found little
difference in the quality of products processed in the
same dehydrator with and without exhaust recirculation.

Practical Application

Figure 1 shows a schematic of a dehydrator equipped
to recirculate exhaust gases. The fresh air inlet is located
on the suction side of the fan, and the exhaust outlet is
located on the pressure side of the fan. Two flow control
(damper) valves are used to adjust air flow rates. But-
terfly-style dampers tend to be difficult to control, since
airflow is not linear with respect to valve position. Louver
or knife-style dampers are a good alternative with a more
linear airflow response to valve position.

Flow control valves can be hand-operated or au-
tomatic. Automatic and manual control may be based
on properties measured in the dehydrator. Examples of
control variables include humidity, wet bulb temperature
and dry bulb temperature. Additional studies need to
be completed to determine the best control scheme for
exhaust recirculation. According to Walker and Wilhelm
(1995), the exit air temperature of their test dehydrator
increased with increasing amounts of air recirculation,
but may have reached a maximum temperature at equilib-
rium conditions. Based on this information, one possible
control strategy might be to regulate damper position (ex-
haust gas recirculation percentage) to achieve maximum
exhaust air temperature. Practically, a maximum initial
recirculation rate could be set, then reduced over time
until a reduction in exhaust temperature was observed.

Dehydrators can be retrofitted for exhaust gas re-
circulation. All dehydrators have one or more fresh air
inlet and exhaust air locations. Ductwork and valves,
as shown in figure 1, can be added to enable recircu-
lation. Figure 2 shows an enclosure built around an
existing dehydrator to facilitate exhaust recirculation.
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Food Safety

Dehydrated foods are generally considered safe,
but studies have shown that pathogens can survive the
moderate drying conditions of some processes (Allen
et al., 2007). Processors can improve food quality and
safety by using good manufacturing practices (GMPs)
and effective cleaning and sanitation procedures. Un-
derstanding and minimizing temperature variation
in a dehydrator and establishing a lethality process
to minimize the likelihood of under-processed prod-
ucts is another important food safety measure. See

Fact Sheets FAPC-121 and 165 for more information
on sanitation and lethality treatment, respectively.

Conclusion

Dehydrated products are popular in today’s food
market and are likely to remain so indefinitely. Oper-
ation and maintenance of dehydrators to save energy
is an essential procedure that can increase profits and
have a positive impact on the environment. Dehydrator
exhaust recirculation is a simple and important tool for
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Figure 1. Schematic showing an example of a dehydrator with exhaust gas recirculation.
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Figure 2. Drawing of a retrofit exhaust gas recirculation system designed for existing cabinet
dehydrators.
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The Cooperative Extension Service is the largest, most ¢ It provides practical, problem-oriented education for

successful informal educational organization in the world. people of all ages. It is designated to take the knowl-
It is a nationwide system funded and guided by a partner- edge of the university to those persons who do not or
ship of federal, state, and local governments that delivers cannot participate in the formal classroom instruction
information to help people help themselves through the of the university.

land-grant university system. e It utilizes research from university, government, and

Extension carries out programs in the broad categories other sources to help people make their own decisions.
of agriculture, natural resources and environment; home
economics; 4-H and other youth; and community resource
development. Extension staff members live and work
among the people they serve to help stimulate and educate * It dispenses no funds to the public.
Americans to plan ahead and cope with their problems.

*  Morethan amillion volunteers help multiply the impact
of the Extension professional staff.

e Itis not a regulatory agency, but it does inform people

Some characteristics of Cooperative Extension are: of regulations and of their options in meeting them.

e Thefederal,state,and local governments cooperatively *  Local programs are developed and carried out in full
share in its financial support and program direction. recognition of national problems and goals.

e Itis administered by the land-grant university as des- * The Extension staff educates people through personal
ignated by the state legislature through an Extension contacts, meetings, demonstrations, and the mass media.
director. *  Extension has the built-in flexibility to adjust its pro-

* Extension programs are nonpolitical, objective, and grams and subject matter to meet new needs. Activities
based on factual information. shift from year to year as citizen groups and Extension

workers close to the problems advise changes.
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