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Consumers are very sensitive about the quality of the food they 
eat. Food is perishable. Any energy saving measures must take 
cognisance of the safety and palatability of the food being produced.

The Food and beverage (F+B) industry provides a unique challenge 
for energy managers. This is due to consumer sensitivity towards 
the handling and treatment of food products together with the 

heavy bias towards the use of thermal rather than electrical energy. The 
preservation of F+B products traditionally requires the use of energy-
intensive operations. As we have become aware of the need for saving 
energy, these food industry operations provide many opportunities for 
saving. Saving measures must be implemented without putting the 
safety of the food at risk. Benchmarks for energy use do exist in some 
sectors of the industry. Calculation methods have been developed to 
assist the determination of energy saving opportunities. There are op-
portunities for savings through the implementation of housekeeping 
measures and minor changes, notably in the steam distribution areas. 
There are possibilities for major savings in those unit operations where 
water is evaporated. Cleaning systems provide savings opportunities.

Food industry
The object of the food processing industry is to provide safe whole-
some food from specified raw materials. Food safety management 
programmes require that the processor develops a process for the 
destruction or control of relevant micro-organisms with suitable control 
of this process. Further, food safety management requires that equip-
ment and the processing environment be maintained in a hygienic 
state. Many of the processes for achieving control of micro-organisms 
require the application of heating, or of cooling, or the removal of water 
in order decrease the water activity of the product. Many of the accepted 
cleaning and sanitation systems make use of heated detergents. All 
of these, the heating, cooling, water removal and cleaning, are energy 
intensive processes.

Heating processes for the control of micro-organisms include 
pasteurisation and sterilisation. Pasteurisation requires the killing of all 
pathogenic organisms present together with certain spoilage organisms. 
Compared to sterilisation the heat treatment is mild. For pasteurised 
drinking milk the process requires the milk to be held at 72°C for  
15 seconds and for certain fruit juices the requirement is to maintain 
85 - 95°C for a period of between 30 seconds and several minutes. 
Sterilisation implies the control of all spoilage and pathogenic organ-
isms, including bacterial spores. The temperatures required for this 
may be as high as 121°C for canned products or 140°C for UHT milk.

Concentration and drying of food products most often necessitates 
the evaporation of water from the product. The latent heat of evapora-
tion of water is in the region of 2 257 kJ/kg (at 100°C). It takes five times 

as much heat to evaporate 1 kg of water as it does to heat it from 0 to 
100°C. Preservation by chilling or freezing is also energy intensive. The 
typical storage temperature for frozen products is -20°C. This needs 
to be maintained to ensure quality and safety. To maintain quality and 
safety of food, intensive cleaning and sanitising is also necessary. This 
may take the form of cleaning in place (CIP) or cleaning out of place 
(COP) processes. Either CIP or COP will require pre-rinsing, cleaning, 
rinsing and sanitising operations. Although cold CIP systems do exist, 
cleaning with caustic soda at 80° is common practice. The food industry 
makes extensive use of stainless steel for the construction of equip-
ment. This results in long lifetimes for equipment and reluctance on the 
part of management to replace it with newer or more efficient plant.

Energy use in the food industry
As indicated, most of the energy use in the food processing industry is 
thermal. Figures for the UK indicate that over 70% of the energy used 
in the industry is for purposes of heating [1].

Energy use %

Boilers and steam 49

Direct heating (fuel) 18

Direct heating (electricity) 8

Refrigeration 6

Compressed air 2

Motors and drives 17

100

Table 1: Energy breakdown for the food, drink and tobacco industries in 
the United Kingdom (modified from [1]).

There are indications that the thermal energy component may be even 
higher than this under South African conditions [2].

Benchmarks and calculations
Due to the diverse nature of the industry, it is difficult to compare 
the energy use for different processes. Energy diagrams have been 
presented by Singh [3] for a number of processes operating under 
American conditions. Although there are no benchmarks available for 
many sectors of the industry, there are good benchmarks available for 
dairy processing [4,5]. Despite the benchmarks, there is, in some sec-
tors, a wide range of specific energy figures quoted in the literature. 
Frapper [6] has indicated variations in the specific energy consumption 
for the production of powdered dairy products of between 4,6 and  
221,4 kJ/kg product. Murray and Lagrange [2,7] have presented a 
database of energy calculations for the production of different food 
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and agricultural products under South African conditions. This work is 
continuing. They have provided methods of calculation for energy use 
in the individual stages of this process. The results of these theoretical 
calculations are generally in agreement with results from other sources. 
They also give an indication of the steps in each process that will provide 
the best opportunities for energy savings. Energy management in the 
F+B industry will follow the same steps as would be followed for audits 
and management in other industry sectors. The differences in the ap-
plications in the food industry are, as indicated, related to the intensity 
of the thermal energy usage and the necessity for hygienic operation 
as a first priority, Some food industry applications are described here:

Housekeeping, maintenance and minor changes: The design and 
maintenance of steam lines is important in food industry installations. 
Steam lines should be correctly sized so that excessive heat is not re-
quired to warm up the line. Insulation on the pipes must be maintained. 
Condensate must always be returned to the boiler hotwell tank. Steam 
traps should be maintained. Programs are available for monitoring traps 
online. Manual checking of steam trap operation with infrared cameras 
is becoming cheaper. Cooking and process pots should be insulated 
if the temperature is to be above 50°C. Cooking pots should be lidded 
to prevent heat loss through boiling and evaporation. Shrink wrapping 
machines are widely used in industry and are generally energy intensive. 
Strip curtains should be maintained to prevent heat loss. Shrink wrap 
machines should be insulated as far as possible.

Cleaning in place: CIP encompasses a series of steps including rins-
ing, cleaning by circulating hot detergent, rinsing again and sanitising. 
The final rinse water, which contains detergent, should be recovered 
to be used as the first rinse in the next CIP cycle. Many of the older 
bottle-filling machines cannot be cleaned by circulation. Operators clean 
through the filling nozzles and discharge the cleaning chemicals to drain. 
These machines can often be fitted with CIP return rings to allow the 
detergent to be recovered. Sprayballs are the most usual form of tank 
cleaning nozzle. They are cheap to install. Propriety rotating nozzles cost 
more than a conventional sprayball but save through shortening the CIP 
cycle. They allow high pressure jets to be directed at the surfaces to be 
cleaned. Cold CIP systems using phosphate-based rather than caustic-
based detergents may find application in some sectors of the industry.

Pasteurisation and other heat recovery possibilities: Although dairy 
pasteurisation systems using heat regeneration can save up to 95% of 
the heat required for pasteurisation, Lee and Okos, have found that by 
the use of heat pumps even more efficiency can be achieved [8]. Batch 
cooking operations often involve heating using steam and subsequent 
cooling prior to filling. Heat exchangers can be used to save up to 70% 
of the heat required for the cooking.

Evaporation: Many of the evaporators used in South Africa were built at 
a time when energy was cheap and capital particularly expensive. Two, 
three and four effect plants are common. Steam usage varies between 
2 and 4 kilogram evaporation per kilogram steam input. Additional effects 
or the use of thermocompressors may be considered to improve the ef-
ficiencies. Mechanical vapour compression (MVR) for evaporation giving 
equivalent economies of 1 kg steam to 10 kg evaporation seems to be an 

even better option. The effect is however based on factory gate energy 
supply and does not take prime energy into account. Given the low ef-
ficiency of the thermal power stations, MVR may not be as attractive as it 
seems. Reverse osmosis may be considered for concentration processes.

Drying: Drying is the most energy-intensive unit operation in food 
processing. For instance, tunnel dryers are expected to be 35 - 40% 
efficient thermally and spray dryers, 50% [9]. In some instances heat 
pumps can be used to improve the efficiency. As a general rule, any 
other system of dewatering should be used ahead of the dryer to mini-
mise the work required by the dryer, for instance, the use of centrifuges 
or evaporators to the highest concentrations that quality will permit. 

 
Conclusion
There are many opportunities for energy saving in food processing opera-
tions. Many of these can be assessed without the use of complex com-
putational procedures. Those unit operations that are the most energy 
intensive may be singled out. More sophisticated approaches, however, 
such as pinch analysis and life cycle analysis may also be employed. 
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