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Energy consumption in the Iran’s food industry is mainly through fossil fuels
(natural gas, electricity). In the food industry, the most use of natural gas is related to
boilers and the most use of electricity is related to the refrigeration system. Due to of
this issue to save energy in this particular field, many studies have been done. One of
the cases that can be used is the use of renewable energy. The purpose of this study
is to review the use of this type of energy to provide all or part of the heating and
cooling system and the rules relations governing the user of this kind of energy,
which can be good supplements for optimal energy consumption in boilers and

thermodynamic cycles. Also, to make useful usage of heat and energy wasted, the
CCHP can be used and heat pumps with a renewable source to produce heat with
high temperature from natural source. The results showed that if the combine of
cooling, heating and power system along with solar energy can be used to operate
the heat pump, despite the high initial cost, it can have a significant improvement in
energy consumption and cost.
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1. Introduction

Given the rapid population growth in recent years, coupled with the increasing demand for food and
energy consumption, extensive research is needed in the area of energy optimization throughout
various processes, particularly in the food industry, as well as in energy storage. Water, food, and
energy are three inseparable elements of the world, and any change in the consumption of one disrupts
the balance and security of the other two. It is projected that by 2050, energy demand will rise by
nearly 80 %, water consumption by 55 %, and food consumption by 60 %. Additionally, given the
upward trend of pollutants produced from fossil fuel consumption, which is continually contaminating
our environment, it is crucial to adopt a new approach to fuel consumption and energy efficiency
improvement. One such solution is the utilization of renewable energy sources, which offer the
following advantages:
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Better access to modern energy services, particularly in rural areas
Reduced dependency on fossil fuels
Mitigation of energy security concerns
Diversification of food processing and increased factory revenue
Reduction of greenhouse gas emissions
Support for sustainable development goals
The main challenge in adopting these technologies lies in the high initial costs, which often deter
investors from entering this field.
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2. Cooling Systems

In the industry, cooling systems generally operate through three mechanisms: evaporative cooling,
compression (mechanical vapor compression), and absorption cooling systems. Due to its low cost and
simple operation, the evaporative system is popular in dry regions, where it is recognized for its
relatively high efficiency, such as in evaporative coolers (swamp coolers).

The components of compression systems include the compressor, condenser, expansion valve, and
evaporator. The working principle of compression systems is as follows: energy is input to the system
via the compressor, which compresses the refrigerant through an adiabatic compression process. The
refrigerant, now in the form of a hot gas due to the pressure increase, releases its heat to the
environment in the condenser. After passing through the adiabatic expansion valve, the refrigerant
enters the evaporator, where it absorbs heat from its surroundings at a constant temperature, cooling
the air around the evaporator.

Compression refrigeration systems are divided into three categories: single-effect, flash, and
cascade systems.

3. Heating Systems
Heat exchangers are among the most widely used equipment in thermal processes and can be found in
most industrial units. They are classified into two categories: contact and non-contact heat exchangers.
Non-contact heat exchangers typically separate the fluids into two distinct sections using a thin
metallic wall. Common types of non-contact heat exchangers include plate heat exchangers, tubular
heat exchangers, shell and tube heat exchangers, and scraped surface heat exchangers.

Contact heat exchangers, on the other hand, allow physical contact between the product and the
heating or cooling streams. Examples of such heat exchangers are steam injection and steam infusion
systems.

4. Combined Cooling, Heating, and Power (CCHP) Systems

The Combined Cooling, Heating, and Power (CCHP) system refers to all power generation systems
that utilize recoverable waste heat for space heating, cooling, and domestic hot water purposes. The
primary difference between these systems and conventional power generation methods is the use of
waste heat, which is transferred from the main process to meet the thermal demands of a facility (such
as cooling, heating, or hot water needs). One of the fundamental goals of CCHP systems is to harness
waste heat and thermal losses from traditional fuel sources, typically supplementing thermal energy
supplies. Other objectives include reducing primary energy consumption, costs, emissions, or a
combination of these factors.

5. Heat Pumps (HP)

Heat pumps capture low-temperature renewable thermal energy from the natural environment and
convert it into higher-temperature heat. The heat pump cycle can also be used for cooling purposes.
Heat pumps utilize thermal energy, hot water, and geothermal energy, and they can be combined with
heat generated from other renewable sources in hybrid systems [41] . These sources may be of
natural origin or derive from waste energy from industrial processes. Heat pumps can be highly
efficient, although their overall primary energy efficiency depends on the efficiency of the electricity
generation (or other thermal energy source) used.
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6. Conclusion and Recommendations

This paper focuses on various aspects of energy consumption in the heating and cooling processes of
the food industry. Initially, the equipment and operational units that play a significant role in energy
consumption were assessed. The refrigeration unit, including different types of chillers and fan coil
units, the heat exchanger unit, including various boilers, pasteurizers, and evaporators, as well as the
drying unit, which consists of solar, cabinet, and tunnel dryers, were all examined. The principles and
relationships governing their performance were utilized to optimize energy consumption. Additionally,
recommendations were made regarding the integration of renewable energy sources with these
systems, along with the relevant formulas.

Given the substantial heat loss in food industry factories, it seems feasible to harness this wasted
heat for cooling, heating, and power generation. For this purpose, a combined cooling, heating, and
power (CCHP) unit was considered as a supplementary system to enhance energy efficiency, and its
optimization principles were explained. A review of various sources indicates a significant potential
for integrating renewable energy with combined power, heating, and cooling systems, which has not
yet been fully explored. Furthermore, it appears that heat pumps could be employed to recover waste
heat from food industry factories and utilize geothermal energy for cooling and heating purposes. It is
suggested that combining the CCHP system and heat pumps with renewable energy sources in
industrial units could lead to substantial energy savings and cost reductions for factories.
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