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2. Electrorheological fluids
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Abstract: The use of energy pile foundations for heat exchanging with the ground has caught
significant attention in recent years. One of the potential fields for energy pile application is
electric power industries. Implementing the energy piles in electric power industries can be
majorly corresponded to two major subgroups, namely "direct applications” in power
production facilities and power transmission-distribution networks and "indirect
applications” in industrial target consumers. In both categories, some machineries or
components need to be cooled or heated to assure proper operation. For heat exchange
purposes, commonly a thermal fluid (e.g., water) circulation system is implemented which can
be incorporated in energy pile foundations. Among the most important factors, which should
be considered to select the energy pile system for heat exchange purposes in industrial
machineries, are the magnitude of the flow rate and initial or final temperatures of the
geothermal fluids and those corresponded to the operational capacity of the energy pile
systems. In this paper, the possibility of direct or indirect usage of energy piles in electric
power industries is studied. In this regard, technical aspects of the issue have been
considered, analyzed and discussed. Results revealed that there are many principle or
auxiliary devices in electric production and transmission-distribution networks or electric
consuming industries, which an utilize the energy piles for heat exchange purposes. The
economical and executional concerns of the issue are discussed, as well.

Keywords: Energy piles, electric power industries, direct and indirect usages, operational
characteristics, economic and environmental studies.
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A Brief Review of the Geothermal Energy

Energy resources are categorized into renewable and nonrenewable energies. The
repeatable and stable sources of energy are called the renewable energy, like Wind,
Biomass, Tidal, Solar and Geo-thermal energies. On the other hand, Nuclear, Coal,
Oil, Natural Gas fuels are the nonrenewable forms of energies.

The origin of geothermal resources results from the nuclear interactions, which take
place inside the earth. The various resources of geothermal energies are classified in
the two groups of shallow and deep resources and the depth of the deep resources is
more than 200 m. These resources consist of hydrothermal and developed resources,
which naturally contain fluid for heat exchanging, and lacks enough fluid to exchange
the energy, respectively. One of the direct applications of the deep geothermal
resources is extracting energy for generatin power. In addition, there are more
utilization like heating or cooling systems, agriculture, animal husbandry, industrial
applications and water treatment (Garakani, 2017).

The shallow resources which are limited to the less than 200 m includes the open and
the close systems. In the open systems, the water is extracted from the known place
and after the exchanging of the energy it will be injected to the same place from which
it was extracted. The shallow resources of geothermal energy are widely used for
cooling and heating systems (Nooraliei, 2015).

Geo-Thermal Structures and Energy Piles

The geo-structures that are used to exchange heat are divided into two separated
systems, namely open and close systems. In open systems, the groundwater enters into
the heat exchanger and returns back to the ground level where it was not extracted. In
contrary, in closed systems, the extracted water is injected into the same place where it
was extracted. In general, the heat exchanger geo-structures comprise of heat
exchanger borehole, energy pile, energy tunnel, the shallow foundation of energy,
sewage system of energy, energy wall, energy well, and energy column (Brandl 2006).

The borehole heat exchanger is a vertical borehole that is excavated near the energy
consuming structure. In this case, set of pipes are placed inside the borehole and the
exchange of energy is performed using an intermediate fluid. Another type of heat
exchanging system is the energy tunnel, in which the contact area of the tunnel and the
ground makes an efficient path to exchange the energy. The shallow foundation system
is the other type of heat exchanger that is highly applicable due to the wide contact
areas between the foundation and the upper ground surface, which exceeds the
transformation of the energy. Energy wall is regarded as an option to exchange the
energy, in which the sewage system is placed in ground depths and it is possible to
implement considerable flow of water for energy exchanging. Energy column is
established to exceed the consolidation process in soil (Adam and Markiewicz 2009,
Rees 2016).

Energy piles play the same role as the structural piles (Fig. 1). Energy piles have both
the structural and heat exchanging functions at the same time. The design of energy
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piles should satisfy the fact that heat exchanging procedure should not disturb the load
transferring procedure. The best-known application of energy pile is cooling and
heating the domestic and commercial building. Energy piles provide the underfloor
heating system with sufficient fluid to exchange the energy. This system can be applied
to deice the runways. Furthermore, energy piles are implemented under the cereal
silos to help the process of cereals drying. Switzerland, Austria, Germany, Great
Britain are the pioneers through the using of energy piles. Australia, Japan, China,
Netherland and United State are the new comers in the utilization of energy piles
(Hamada, Saitoh et al. 2007, De Moel, and Bach et al. 2010).

In addition to residential or commercial structures, industrial implementation of
energy piles is still a challenging field of interest for researchers and engineers. One
of the best possible industries in which the shallow heat exchanging systems can be
implemented is “electric power industry”. Energy piles can be used for both “direct”
and “indirect” purposes in electric power industries. In “direct” implementations,
energy piles are used for heat exchanging (cooling or heating) in electric power
facilities to increase using the renewable energy. In “indirect” implementations,
energy pile can be used in electricity consuming industrial centers. Both types of
implementation can help reduce using non-recoverable sources of energies.

Fig. 1: Implementation of Energy Piles in: Left) Keble College, UK. and, Right) a Walk Road in Japan

Direct Application of Energy Piles in the Electric Power Industry

The direct application of energy pile in electric power industry can potentially results
from cooling or heating demands in which large amount of energy consumes. To
minimize the energy consumption, introducing energy pile into the power industry can
be highly taken into attentions. The direct applications of energy piles in electric
power industry is considered for cooling towers, electrical transformers, pre-heating
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the raw material and closed cooling water systems in gas plants.

Cooling Towers

Cooling towers are of the most important facilities in electric power plants (Fig. 2).
This section exceeds the process of cooling water using evaporation. Through the
process of evaporation, large amounts of water evaporate to the air. The high volumes
of water, which is used in the cooling tower; plus, wasting water through evaporation
describe the needs for finding a more efficient solution. The water flux in cooling
towers is on average of 50000 m%h. Hence, utilization of energy piles in cooling
towers for cooling partial amounts of water can be regarded as a valuable idea
(Garakani, 2017).

Fig. 2: Cooling Towers in Electric Industries

Cooling Process of Electrical Transformer

Transformers are among the most fundamental components in electricity transmission
lines. Transformer is a component, which changes the level of electric voltage for
different utilizations. Transformers generate a lot of heat during work and the need for
the cooling process is inevitable. In addition, due to the high weight of transformers
structure, strong foundation structures are needed to be placed beneath the main body
of transformers to transfer the loads to the ground. The utilization of the energy pile in
cooling system of transformers is a unique recommendation since the dual function of
the energy piles (heat exchanging and structural load bearing) satisfies the needs for
the cooling system and the bearing foundation. The fluid flow rate in cooling system of
the transformer is on the average of 5 m3h which matches the working characteristics
of the typical energy pile systems (Garakani, 2017). The functional specifications of
the cooling towers and cooling system of the transformers are presented in Table. 1.
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Table 1: Functional Specification of the Cooling Tower and Cooling system of Transformer (Garakani, 2017)

o Input Flux
Power Plant Input Temperature (°C) Temperature(°C) (m3/hr)
Cooling Tower 35 27 42000

Transformer Cooling

System 30 40.4 3.4

Pre-Heating the Raw Material

In the electric power industry, sometimes it is needed to pre-heat the primary raw
materials. For example, in thermal power plants, it is necessary to warm up gasoline
or crude oil before entering the combustion chamber, or in boilers the inlet air must be
preheated before entering the circulating procedure.

The flow rate of the consuming fuels is typically below 5 m%/hr. In addition, the volume
of the air, which enters to the boilers, is about 120 kg/s. Hence, implementing the
energy piles is possible for pre-heating the aforementioned materials (Garakani,
2017).

Indirect Applications of Energy Piles

In this section, the utilizations of energy pile in electric consuming industries like oil
industry, steel industry, and greenhouse ventilation systems is demonstrated.

Oil industry

Heat exchangers are widely utilized in the oil industry. The fractionating column is
the essential part of distillation procedure. To separate the mixture of crude oil in this
column the heat exchangers are used. Furthermore, the gas and oil reservoirs are
placed in a deep depth of ground; a suitable place to extract geo-thermal energy. The
inlet temperature of distillation tower is about 15-30°C which is regarded as the
certified temperature for the utilization of energy piles.

Steel Industry

The steel industry is the basic economical foundation of the developed countries. The
index of steel consumption is a criterion to evaluate the economical level of the
country. Various heat exchangers are installed in the purifying process of ore. For
instance, the outlet gases from the purifying process enter to the cooling system. In
addition, some facilities like compressors, drier and the hydraulic section need to the
cooling systems. Using energy piles in the steel industry can be taken into
consideration.
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Greenhouse Ventilation System

Based on their application, the temperature of greenhouses should be selected with
respect to the treated plants. Generally, the favorable temperature for plants is about
65 9. Thus, utilization of heating system in the greenhouses is inevitable. There are
various methods to heat the greenhouses like using pipes on the surface of the soil,
utilization of pipes on the surface of the lateral walls of the greenhouse, and using the
unit heaters. Based on the functional properties of these systems, energy piles can
satisfy the heating demands in greenhouse systems.

Food Production Industry

Utilizations of heat exchanger in the food and dairy industries are widely taken into
consideration. For instance, milk and cream pasteurization, milk and cream cooling,
thermal treatment of cream, cooling and heating oil and fat are regarded as the
applications of heat exchanger in the food, diary and drink industry. Based on the
functional performance of the heat exchangers in the food industries, energy piles can
be used for extracting the geo-thermal energies.

Economic and Environmental Evaluation of Energy Piles

In this research, a complete economic study has been performed to compare the cost
of heating or cooling the electric power facilities for different types of energy sources.
Accordingly, the average cost values for producing 1 MW.hr energy for cooling or
heating purposes in electric power industries are presented in Table 2. As shown in
Table 2, the very low cost of using the energy piles in compare to other sources of
energy is very significant.

Table 2: Economic Comparison between Different Types of Energy Resources Used for Cooling or Heating
Demands in Electric Power Industries

Fossil | Solar | Wind el Biomass | Geo-thermal | Energy
Energy Type power .
Fuels | energy | energy plant energy resources Piles
e 1333 | 778 | 733 50.0 93.3 115.6 40.0
(US$/MW.hr) ' ' ' ' ' ' '

Despite the fact that the renewable forms of energy have negligible effects on the
environment, extracting energy poses destructive manipulations on the environment
and the various cycles of producing power slightly change the environment. Fig. 3
demonstrates the production of carbon dioxide per different methods of the energy
generating. As it is depicted, the production of carbon dioxide for the fossil fuel is
drastically high among other types of energy production. On the other hand, energy
piles create the lowest environmental pollution among other sources of energy.
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Fig. 3: The mount of greenhouse production (grams of COz per KW/h)

Conclusion

In this paper, a feasibility study on implementing the energy piles in electric power
industries is investigated. The utilizations of energy pile in the power industry are
divided into the two direct and indirect sections. Cooling towers, cooling system of
electrical transformers, pre-heating the raw materials and closed cooling water
systems are the examples for direct applications of energy piles and, oil, steel and food
industries are the indirect utilizations of this clean source of energy. Based on the
functional specifications and economic-environmental considerations, the utilizations
of the energy piles in electric power facilities or electric consuming industries are
worth to be taken into account.
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