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Abstract

Considering the increasing demand for electricity in Turkey, electricity distribution companies in Turkey have been using
concrete and iron poles in recent years due to operational problems, and this situation also increases the investment costs.
In this study, the cycle of wooden poles from the manufacturing stage to their destruction has been examined, and sugges-
tions for tree pole processes have been given, to develop and spread the applications of wooden poles in Turkey. Within the
scope of the study, worldwide applications were examined by conducting a literature search, and then the best tree pole
applications for Turkey were determined by determining the differences between them and the applications in Turkey. With
the suggestions to be made, it is foreseen that the use of tree poles will become widespread in the new overhead line net-
works by increasing the service period of the tree poles and reviewing the processes.
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1. Introduction

There are various applications for wooden poles, which have been used in both telecom and energy
fields for a long time in the world [1]. Relevant methods have changed shape over the years due to the
change in technology and needs, and it has been tried to provide suitable conditions for today’s con-
ditions. It is expected that the wood pole applications made with the development of technology will
change and develop over the years.

Since wooden pole applications are cheaper than concrete and iron poles and they are easier in field
applications, the development of the relevant method will be beneficial for both the distribution sys-
tem operation and the economy. Since the widespread use of wooden poles will affect the develop-
ments in the market positively, it will pave the way for new applications to be made in this field [2].

1.1. Purpose of the study

This study focuses on wood pole applications around the world. For the wooden pole, it is related
to the compatibility with the environmental conditions and how effective it is in the geography, rather
than how effective the application is. For example, the good results of the impregnation material and
application method applied in arid climates do not guarantee that the same methods will work in the
same way in other humid climates. For this reason, it would be appropriate to examine worldwide
applications as a whole and to synthesise them by evaluating them in terms of geography, economy
and expectations for the application that is open to development.

2. Materials and Methods

When we look at the world in terms of impregnation material selection and application methods, it
is seen that different countries have different approaches. When the related methods are evaluated
as a whole, it has been determined that the impregnation material has negative effects on the envi-
ronment and human health, as well as on the benefits it provides. For this reason, it is necessary to
decide which ones are appropriate as a whole by determining the relevant methods in line with each
region’s policy and strategy.

2.1. Forest assets for worldwide tree pole applications

According to the World Bank data, the forest land percentages of some countries are presented in
Table 1.

Table 1. Forest land percentages

Name of country Forest land percentage
Finland 73
Brazil 59
Latvia 54
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Estonia 53
Angola 46
Canada 38
USA 34
Germany 33
France 31
Turkey 15
South Africa 8

Projects for the creation of forested lands for industrial use are carried out throughout the world. In
this context, the ownership of forested lands can be state or private sector. Forestry land ownership
status worldwide is presented in Table 2.

Table 2. Ownership of forested lands

Name of country Ownership status of forests (%)
Turkey 99 states
USA 71.7 private sector
EFTA 70.5 private sector
EU 61.1 private sector
Japan 56.5 private sector
Canada 94 states
New Zealand 79 states
Ireland 77.3 state
Greece 73.5 state

3. Results

3.1. Techniques for the preparation and assembly of wooden poles
3.1.1. Preparation of wooden poles

The main purpose of the preparation and impregnation of wood poles is to prevent fungi and insects
from entering the interior parts through the cracks in the poles and reaching the unpenetrated parts
of the impregnation material, thus increasing the service life of the wood poles. The penetration depth
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of an impregnating agent depends on the impregnation method applied, the impregnation treatment,
the wood species and the ratio of sapwood to heartwood. The preparation of tree poles greatly affects
the period of use. In the report they presented after the Western Wood Preservers Institute in the USA
inspected and evaluated the tree poles at the place of use, they reported that the service life of the
tree poles could be increased further. More precisely, they suggested the possibility that the expected
lifetime of impregnated wood poles could be increased, generally from 35/45 to 50/75 years [3]. It is
thought that this claim may be due to the escalation of competition in this market due to the emer-
gence of non-wood poles (concrete, metal etc.) that have been put on the market against wood poles
in recent years.

The preparation of tree poles includes several different steps such as peeling, drying, conditioning,
incising, cutting and drilling [4].

Bark peeling. To allow the impregnation materials to penetrate the wood material, the cambium layer
should be peeled off along with the bark and inner bark. At the same time, peeling off the bark is also
necessary for drying, which is important for impregnation. With the peeling of the bark, the wood
material dries quickly without being damaged by fungi and insects. Various methods are applied for
peeling. Peeling wood by hand or with debarking tools is best done in spring and early summer because
at this time the cambium layer is in a soft state. In debarking, the wood must be completely whitened.
The removal of the outer bark, inner bark, cambium and outer wood layer of the last year is called
bleaching. In some cases, the bark should be left in strips or pieces on the wood [4].

Steaming. Drying by steaming varies depending on the cross-section size of the wood material and
steam at a temperature of 105°C-118°C is used for 1-20 hours. It can extract 64-80 kg of water from
1 m3 of wood material during a 550 mm vacuum between 1 and 3 hours after steaming. Steam drying
is mostly used in pine and European spruce.

Drying. In fresh wood material, the uptake of free water impregnation substances in the cell spaces is
prevented. In this regard, in most impregnation methods, it is necessary to dry the wood material and
remove the excess water before the impregnation process. Also, uncured material is more prone to
cracking after impregnation. Through these cracks, fungi can easily penetrate the inner parts of the
impregnation materials of the material that have not penetrated. For these reasons, wood material
should be dried at least below LDN before impregnation [4].

3.2. Pressure application methods in the impregnation of wooden poles

Pressure application methods are the most important and successful industrial methods in the impreg-
nation of wood material. In the facilities that apply these methods, the wood material is placed in a
steel boiler and the impregnation material is conveyed into the wood cells within 1-6 hours with a
hydraulic pressure of approximately 10 kp/cm? [4].

Among the methods of applying pressure, two general methods are most used. These are the full cell
and empty cell methods. In addition, there are oscillation and variable pressure methods, which are
not as widely used as full and empty cell methods, and very high-pressure methods used in Australia
[4].
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3.3.Installation of wooden poles

Installation of distribution poles is based on planning, use of different equipment and field knowledge.
The installation processes of the poles may vary based on distribution companies. It has been observed
that different techniques are used because distribution companies serve different geographies and
consumer groups. It is acceptable for distribution regions to follow different paths as long as certain
standards are adhered to. Optimising the process by evaluating the pole type, soil type and other pa-
rameters plays an important role in reducing the CAPEX and OPEX budgets.

Figure 1. APE tree pole mounting method

Figure 1 above depicts the APE tree pole mounting method. The BMK Polcrete product, on the other
hand, enables the assembly of the wooden pole with the foam material it has developed. The method
has been tried and used by the Kansas energy and lighting company. In the application phase of the
method in question, excavation operations are carried out as previously stated, the difference in this
method is the use of foam instead of filling material. To prepare the foam filling, two different chemi-
cals are mixed directly after sitting in the hole. Before applying the foam, the pole must also be
grounded. Since chemicals must be stored at a certain temperature, it is important to use air condi-
tioners or transport chemicals with a cooling system in the hot summer months. After the chemicals
are mixed, they are applied by pouring them into the pit from the sides of the pole placed in the pit.
The pouring stage of the foam and its image after drying is shown in Figure 2.
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Figure 2. Foam application

After the application, the foam expands and freezes in a very short time. Afterwards, the excess foam
overflowing around the pole can be shaved off and the hole can be covered with soil. Since the foam
dries very quickly, it is possible to climb on the pole and connect the lines 15 minutes after the appli-
cation. This application prevents or slows down the decay of the tree by protecting the base of the
tree from moisture. Since the foam application dries quickly and can be applied quickly, the installation
of the line can be accomplished in a short time, which reduces the time required to quickly repair the
collapsed pole and re-energise the line.

3.4. Techniques for the disposal of wooden poles

Various methods have been used until today to dispose of or recycle the impregnated materials that
have reached the end of their useful life. These methods are classified below.

3.4.1. Disposal or reduction of inert chrome, copper and arsenic (CCA) impregnated wood ma-
terials

Applying sufficient and appropriate impregnation to the wood material during use increases the ser-
vice life of the material, reduces the amount of impregnation material to be applied in places where
the risk of decay is low or using less harmful preservatives, performs on-site maintenance and protects
against outdoor effects, mechanical, chemical and biological deterioration. Taking design measures
becomes important in using this method.

3.4.2. Disposal of wood waste by burying
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The destruction of wood waste by burying it in the ground causes the impregnation material to be
washed from the inactive wood and the toxic compounds to pass into the groundwater and soil. Some
amount of chromium, copper and arsenic can be washed from wood impregnated with CCA. Storing
inert wood is a costly option. However, inert materials are large and require sufficient capacity for
burial. Measures are taken to prevent this problem. Some institutions have used wood recycling pro-
grammes to convert this material through waste collection [5,6]. In Europe, this method is not pre-
ferred because there is no benefit from the buried product, and organic wastes have not been stored
since 2005 [7].

3.4.3. Reassessment

The large size of the inert wood brings with it transportation and storage problems. For this reason,
the impregnated wood is shredded and turned into sawdust or chips. Although re-evaluated impreg-
nated wood products are preferred by the industry, their use in space has been restricted. The utilisa-
tion of wire poles as roofing material or building material, the use of railway sleepers as landscaping
applications or fence posts on secondary railway lines and the use of impregnated end wastes as sup-
port material for construction purposes are among the waste evaluation options [6].

3.4.4. Recycling of inert impregnated wood

The recycling (recycle) of the inactive wood material constitutes an important layer of the forest prod-
ucts industry. It is possible to turn impregnated wood waste into composite material by chipping [8].
However, problems similar to those that may occur during the re-cutting of wood (chemicals, rot and
metal contamination) are also problematic in this method [9] .

3.4.5. Re-mowing

Although it is an easy process to evaluate the idle wire posts or timber by sawing, their impregnation
makes it difficult to find a market. The transportation, re-mowing and removal of large-sized impreg-
nated materials that have completed their service life to the cutting site pose a problem. If there are
metal connectors (accents) in the material, they can cause problems during mowing; it is considered
more appropriate to remove them beforehand. Also, it does not make sense to re-cut and resize wood
impregnated with CCA, which has dimensional properties. Removing the degraded pieces from the
wood by planting the wood exposed to the open air reduces the cross-section of the wood material
and creates wood waste. Although re-cutting of by-products does not appear to be a problem where
these studies exist, it imposes additional costs [6].

3.4.6. Remediation of inert CCA impregnated wood material
Remediation is the process applied to clean and remove the chromium, copper and arsenic contained

in the wood material removed from the service and to reduce the damage it causes to the environ-
ment. These processes are carried out in different ways.

47


https://doi.org/10.18844/gjpaas.v15i1.7721

Firis, F. A. (2022). Exploring the most appropriate materials and methods for expanding the use of wood poles in electricity distribution
networks. New Trends and Issues Proceedings on Advances in Pure and Applied Sciences. 15(1), 41-52.
https://doi.org/10.18844/gjpaas.v15i1.7721

3.4.7. Bioremediation

The harmful components in the inert wood material are removed by degrading or dissolving by micro-
organisms [10], [11]. The positive side of this method is that the fibres of the wood material are not
damaged; on the other hand, this technically feasible method is not efficient. In order for the proce-
dure to give the best results, double remediation is applied. However, the cost of the nutrient culture
medium is shown as a negative feature of the method [7].

3.4.8. Chemical remediation

Chemical remediation with the help of chemical acids and oxide substances increases the solubility of
metals and ensures that toxic metals are removed from the impregnated wood material. In order to
remove CCA from wood, gradual remediation is required. With this method, metals are removed from
the wood and re-oxidised. In this way, a pure CCA solution can be obtained [7]. Before chemical ex-
traction, the impregnated wood material is shredded into sawdust and extracted with chemicals at
different temperatures. Various chemicals such as oxalic, citric, formic, nitric, sulphuric and acetic acid
are used as solvents for this process [12].

3.4.9. Removal by combination of microorganisms and chemical solvents

In some studies, the removal of the impregnation material by chemical extraction from the impreg-
nated wood taken from the service has been carried out by using it together with bacterial, fungal
fermentation and steam bath. As a result of the studies, it has been shown that generally better results
are obtained from small-sized pieces of wood. In extraction, wood chips are generally treated with
oxalic acid and Bacillus licheniformis CCO1 bacteria [12].

In the studies, it was concluded that the steam bath applied as a pre-treatment before extracting the
wood was not effective in removing the chemical components. Steaming can remove some of the CCA
from the extracted wood, making it an uneconomical method to apply. Shiau et al. [13] investigated
the effect of chemical extraction and steam bath on CCA-impregnated wood on the leaching of copper,
chromium and arsenic in wood. In this study, acetic, citric and sulphuric acid were used. Among the
chemicals used in this study, it was reported that citric acid gave the best results in removing copper,
chromium and arsenic from wood samples impregnated with CCA. It was determined that the steam
bath was not effective in removing the chemical components.

3.4.10. Removal by the electrodialytic method

After the impregnated wood material taken from the service is shredded, the CCA components are
removed from the wood by the electrodialytic method. As a result of this process, if all of the arsenic,
chromium, and copper can be reduced to some extent, the wood can be burned in solid waste furnaces
and energy sources obtained from wood can be used. Copper, chromium and arsenic removed from
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wood can be used in CCA production. Although the use of CCA is limited in many parts of the world,
the metals obtained have the chance to be used in various branches of industry.

3.4.11. Burning inert wood and generating energy

With the combustion process, the impregnated inert wood is removed, and at the same time, electrical
and steam energy is obtained with the high temperature applied [14-16]. The cost of grinding the
impregnated material, the presence of arsenic in the gas emitted into the air and the metal deposited
in the ash have led to debates on the feasibility of this option. With the ash tests carried out, it was
possible to evaluate the destruction of inert materials [17].

The thermochemical methods applied in the recycling of inert wood impregnated with CCA are pyrol-
ysis (slow and fast), incineration, co-incineration and gasification technologies.

3.4.12. Pyrolysis

Decomposition increases as the wood material are heated above 200°C in an airless environment or
under nitrogen. Hemicellulose, one of the components that make up the structure of wood, decom-
poses thermally at 200°C—250°C. Cellulose starts to decompose at 280°C and completely decomposes
at 300°C-350°C. Lignin is the last component to decompose and can begin to decompose at 300°C-
350°C and completely degrade at 400°C—450°C. After the carbonisation is completed at 400°C-500°C
and the scavenging gases are removed, charcoal remains.

3.4.13. Co-burning

Co-incineration is thought to be among the best solution possibilities that should be preferred in the
recycling of wood waste. Mixing with other fuels and charcoal is not recommended as it contains a
higher amount of arsenic than CCA-impregnated charcoal. A higher amount of arsenic than the amount
of arsenic released from the flue gas is released during the combustion of CCA-impregnated waste
wood. Since the amount of arsenic dissolved in water is high, a lot of arsenic is released during the
combustion process [18].

3.4.14. Gasification

More electrical energy is produced during the gasification of wood and its negative effects on the en-
vironment are less compared to the burning method. The loaded amount of arsenic is removed from
the CCA-impregnated wood and reduced to its metal form. The cleaning system is expressed as the
place where all the arsenic is kept (imprisoned) at the critical point in the gasification units. At high
temperatures (1,100°C-1,500°C), organic compounds are decomposed and the danger of PCDD/F (di-
oxin and furan) formulation is eliminated.
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4. Discussion

The prominent evaluations, as a result of the research carried out within the scope of the study, are
given below.

When the world practices were examined, it was seen that the excavation equipment used during the
erection of the tree poles in EDAS was insufficient. This prolongs the assembly process and causes gaps
in the pillar foundations. For this reason, it is necessary to diversify excavation equipment by consid-
ering different soil types and geography within the same distribution region. In this context, it is aimed
to shorten the excavation period and to use the resources in more optimal conditions.

In overseas applications, it has been observed that distribution networks are divided into different
regions and time-based maintenance is carried out for each region [19]. These regular maintenance
practices should also be implemented in Turkish distribution networks. In addition, it has been ob-
served that test equipment specific to distribution companies is used and marked during maintenance
in overseas applications.

The number of tree poles in the electricity distribution network is relatively higher than other equip-
ment. The high number takes time in terms of entering the static and dynamic data directly into the
GIS system during the initial set-up phase. In addition, recording the activities carried out during regu-
lar maintenance becomes untraceable when done manually and again prolongs the process. It has
been concluded that the use of RFID technology for the integration of installation and maintenance
processes into GIS can be beneficial in terms of both the accuracy of the data and the speed of pro-
cessing the data [20].

The distribution of the wood pole inventory by number, wood type and impregnation material is not
kept in such a way as to cover the average service times, wire damage, rot and defects. Keeping the
inventory in the relevant breakdowns will make the current situation analysis studies more compre-
hensive and useful. This is suitable for any situation where proper records need to be kept, as advised
in [21].

5. Conclusion

In overseas applications, for the assembly of the equipment, the holes to be drilled in the tree are
made before the impregnation. It has been determined that the drilling process in Turkey is carried
out after the impregnation processes. The said application paves the way for the formation of weak
spots in the impregnation protection of the tree.

After the wooden poles are procured from the manufacturer, they should be stored and installed in
suitable conditions, so that the poles will not be affected by the sun, humidity or environmental factors
during the waiting period. The lack of independent consultant control in the process from the cutting
of the tree poles to the installation negatively affects the life of the tree poles, as it affects the quality
of the tree pole protection and maintenance application.

Red pine is used for the construction of wooden poles in Scandinavian countries. These trees are suit-
able for pole construction and are easy to grow in the Scandinavian region. The time required for the
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growth of a tree suitable for pole construction varies between 20 and 30 years. This period seems to
be relatively long when compared to Turkey. However, the slower growth of trees in the Scandinavian
region is understandable given the sunshine duration.

The percentage of interior wood/exterior wood is high in red pines in Scandinavian countries. In this
regard, the need for chemicalisation is less, but the relevant chemical applications should be planned
in accordance with the tree species in Turkey.

Reviewing the maintenance periods and practices should be carried out by evaluating the environmen-
tal conditions in Turkey. It has been determined that the climate index map study used in overseas
applications is not complete in Turkey tree pole operations. By working on the subject, it would be
beneficial to both extend the life of the tree pole and use it as a roadmap in operational studies.

Instead of applying a standard procedure for all tree pole applications, the environmental and natural
factors of the region should be investigated and application methods should be determined on a re-
gional basis. Since there are no drying ovens, the drying process is carried out by the natural drying
method before and after the impregnation process. Since the weather conditions cannot be controlled
in the natural drying process (before and after the impregnation process), cracks may occur depending
on the humidity of the poles.
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