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1. Introduction 
I have been heavily involved with electric utility infrastructure for most of my career (over 
40 years), albeit is a rather strange way. Most of this time was spent in utility monitoring 
and control using various types of digital systems. Even though these systems "touched" 
most of the utility infrastructure, they could only see the devices that were capable of 
communicating their status or accepting commands. These are now called remote 
terminal units (RTUs), data concentrators, equipment controllers/governors or intelligent 
electronic devices (IEDs), there is lots of very important utility infrastructure that are not 
so "intelligent" (of course neither are most IEDs, I would use the terms "communicating" 
and perhaps "programmable", but that's another post). 

Then there is the name of this series. Increasing wildfires in California and other places 
are caused by one of the initial effects of climate change: changing weather patterns. By 
"weather patterns" I mean what is typical for a given location. Having lived in California 
most of my adult life, I understand that we get very little rain (if any) in the summer and 
most of our yearly total-rain in winter. In draught years we get less rain in the winter, but 
the 2017/2018 and 2019/2019 "rain years" were, respectively, normal and wetter than 
normal. However these were preceded by several draught years. 

The post from a couple of weeks ago (linked below) covered the California wildfire 
situation rather thoroughly (thanks to a publication from our state). From that you can 
read that 2017 and 2018 had record wildfires (and 2019 wasn't much better). Thus a 
wordier name for this post might be "How Utility Infrastructure Contributes to Wildfire-
Resilience when faced with one of the Initial Effects of Climate Change", but that would 
be silly. 

https://www.energycentral.com/c/pip/california-wildfires-utilities-and-grid-resiliency-part-2  

In order to look at how various utility components impact resilience, I decided to look at 
each type of component, one at a time, along any factors that significantly impact 
resilience, economics or climate change. 

In the first section below we will cover "supporting structures" for overhead circuits, 
a.k.a. poles and towers. In the second section below we will cover current-carrying 
components. These include conductors (cables and wires) but also devices that are 
slightly smarter (fuses) as well as those that actually include IEDs (reclosers and 
switches) and several other categories. 

2. Poles and Towers 
Overhead line supporting structures seem to come in a very large variety of 
configurations. There are many more for transmission, and less for distribution.  

2.1. Transmission 
Transmission overhead supports seem to mostly rely on towers with a few "monopoles" 
mainly at lower voltages, and a very few wooden poles, Wood A-structures and H-

https://www.energycentral.com/c/pip/california-wildfires-utilities-and-grid-resiliency-part-2
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structures (see figure below) are sometimes used at the lowest transmission and sub-
transmission voltages. These structures may be suitable for voltages up to 132 kV.1 

 

Most transmission structures use galvanized steel, and this material can be lattice 
towers or mono-poles. The former are available in configurations that are used for a 
wide-range of power, voltage and numbers of circuits, but are used exclusively in the 
highest power/voltage applications. The mono-poles are typically used for lower 
voltage/power configurations (up to 220 kV), and mostly for a single (3-phase) circuit.  

Reinforced cement concrete (RCC) is another alternative for mono-pole transmission 
structure material. RCC mono-poles have greater mechanical strength, longer life and 
permit longer spans (80 to 200 meters) than steel poles. These poles also give a clean 
profile, require little maintenance and have better insulating properties. The down side 
with these is that they are very heavy, although pre-stressed RCC mono-poles can be 
cast on-site making transportation easier. 

Regarding the impact of these components on climate change, see subsection below for 
the few wooden structures. The vast majority of transmission supports are steel, and 
steel is easily recycled using a mini-mill, which uses an electric arc furnace. Since this 
process uses electricity, it will produce very low greenhouse gases (GHGs) once our 
electric power generation produces very low GHGs. See the link below to an earlier post 
that explores how steel is made and recycled. 

https://www.energycentral.com/c/cp/i-smoke-and-lightning-heavy-metal-thunder  

                                                 
1 Electrical Edition, Line Supports | Types of Electrical Poles-Over Head Transmission Lines, 

https://www.electricaledition.com/2015/12/type-of-electrical-poles-in-overhead-transmission-lines-line-

supports.html  

https://www.energycentral.com/c/cp/i-smoke-and-lightning-heavy-metal-thunder
https://www.electricaledition.com/2015/12/type-of-electrical-poles-in-overhead-transmission-lines-line-supports.html
https://www.electricaledition.com/2015/12/type-of-electrical-poles-in-overhead-transmission-lines-line-supports.html
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2.2. Distribution 
Virtually all overhead distribution circuits use poles for support. These are widely 
available in wood, galvanized steel and RCC, but wood has the largest market-share. I 
looked at many studies on the benefits of these materials, and found that, in general, 
wooden poles are less expensive than the other materials, but don't last as long. 
However, with proper maintenance, wooden poles can last almost as long as steel 
poles, but then there is the cost of this maintenance. Also the environment greatly 
impacts how long a wooden pole lasts, see the document linked below. This document 
might well be considered a "best practices" for use and maintenance of wooden 
distribution power poles.  

https://www.rd.usda.gov/files/UEP_Bulletin_1730B-121.pdf  

Thus the question of which material is best for overall economics and resiliency might 
best be answered by: "it depends". Even after reviewing 20 or 30 studies on this, and 
considering other factors, I believe this is inconclusive. 

There are a few factors that affect the probability that a particular technology for 
distribution power poles will impact the potential to contribute to the ignition of a wildfire. 
Wooden poles are insulating, metal poles are conducting. The reinforcement used in 
RCC poles is conducting, and depending on their configuration can result in the pole 
offering a conducting path to ground. Adding a cross-member near the top of a wooden 
pole (well above the conductors) can greatly reduce the probability that a large bird will 
be electrocuted by the conductors, an event that could be an ignition source. Lightning 
strikes are more likely to be attracted to metal poles and somewhat more likely to be 
attracted to RCC poles. 

On the other hand, wooden poles have much less predictable lifetimes than the other 
technologies, and could fail prematurely (especially with high winds or poor 
maintenance), and conductors on the ground could definitively be an ignition source. 

Regarding the potential of wood poles to mitigate climate change, the timber for these 
poles is grown in plantations. Although these are mono-cultures, and thus not very good 
for "greening" the landscape (restoring it to a viable ecosystem), they are very good at 
capturing carbon, and once we wake up to the need for rapid negative (carbon dioxide) 
emissions technology, this may be the most important factor.  

There are two major types of timber that come from tree plantations saw logs, and utility 
power poles. The former are much less challenging to grow, but only have a value of 
about half that per tree (at harvest) as a power pole.2 

Each tree will require about 50 years to grow to a size that is suitable for a distribution 
power pole. During this time it will be sequestering carbon dioxide at a rapid rate. After 
the poles are harvested, treated and erected, they should have a lifetime of 75 to 80 
years if properly maintained.3  

So each pole will be sequestering carbon for about 50 years, and will store that for about 
another 75 years, but what then. In California wood utility poles are a class of treated 

                                                 
2 Donald I. Dickmann and Melvin R. Koelling, Department of Forestry Michigan State University, " 

Managing Red Pine Plantations for Utility Poles", September 1997, 

http://www.alconaconservation.org/uploads/1/2/0/1/12018007/managing_red_pine_plantations_for_utility_

poles.pdf  
3 W. Richard Lovelace, North American Wood Pole Council (NAWPC), "Wood Pole Design 

Considerations", 2017, https://woodpoles.org/portals/2/documents/TB_Design.pdf  

https://www.rd.usda.gov/files/UEP_Bulletin_1730B-121.pdf
http://www.alconaconservation.org/uploads/1/2/0/1/12018007/managing_red_pine_plantations_for_utility_poles.pdf
http://www.alconaconservation.org/uploads/1/2/0/1/12018007/managing_red_pine_plantations_for_utility_poles.pdf
https://woodpoles.org/portals/2/documents/TB_Design.pdf
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wood waste (TWW), in that they use preservatives to extend their lifetime that are 
potentially hazardous materials.4 

"There are five preservatives for utility poles and cross-arms that are used in North 
America: Pentachlorophenol, or Penta; Chromated Copper Arsenate, or CCA; Copper 
Naphthenate, or CuN; Creosote; and Ammoniacal Copper Zinc Arsenate, or ACZA. 
Penta, Copper Naphthenate and Creosote are oil-type preservatives and are carried into 
the wood via petroleum products. CCA and ACZA are waterborne preservatives and are 
infused in a process where water carries the preservatives deep into the wood fiber." 

In California the only approved disposal method for TWW is via landfills. I believe that 
most if not all landfills in California require a specified composite liner to prevent liquids 
from leaking into the water table, and after an area is completely filled, it requires a top 
liner to prevent escaping gases and water from rainfall leaching preservatives. The non- 
hazardous gases (biogas, which is mostly methane) are either burned in an approved 
biogas burner or refined into pipeline-quality biomethane, and injected into the normal 
natural-gas pipeline-system. A landfill section designated for TWW additionally must 
monitor for hazardous liquid or gas leakage. 

Normal wood waste requires 10 to 15 years to decompose in a normal landfill, but TWW 
because it is in a part of the landfill designated for only TWW, and the preservatives in 
TWW would require much longer: I'm guessing 50 years. However, like other waste, it 
produces biogas as it degrades.  

Some other states do allow utility poles to be burned in a permitted waste-to-energy 
facility, and I read numerous "wood pole industry" publication that insisted that normal 
waste-to-energy exhaust processing can remove any residues from the preservatives 
(which is possible). 

3. Current Carrying  
As pointed out in the Introduction, these components vary in complexity, ranging from 
simple conductors to reclosers, breakers and communicating, programmable switches. 
The subsections below will start with the simplest of these and later subsections move to 
the more complex. 

3.1. Cables 
This subsection will cover stranded conductors that may or may not be insulated, and 
may or may not be combined with other conductors in a multi-conductor cable. Most of 
these cables are primarily made from aluminum (yes, copper is a much better conductor, 
but it also has much lower tensile-strength, higher weight, and is much more expensive 
than aluminum). A "jumper" is a short section of cable that is used with certain 
configurations of supporting structures to allow the (typically) two directions of cables to 
be independently tensioned –the jumper carries the current from one side to the other. 

One major difference in overhead cables is whether and how they are insulated. There 
are actually three choices here: (1) bare cables (not insulated), (2) insulated cables, and 
(3) covered cables. The latter is basically minimally insulated. Whereas "insulated" 
cables, have insulation that can withstand the rated voltage of the cable for an indefinite 
time in wet or dry conditions and are frequently suitable for direct burial. Covered cables 

                                                 
4 WoodPoles.org, "Wood Pole Preservatives", https://woodpoles.org/WhyWoodPoles/Preservatives.aspx  

https://woodpoles.org/WhyWoodPoles/Preservatives.aspx
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are only designed to protect the cable from weathering, and provide minimal protection 
from casual contact by (for instance) tree limbs or large birds.  

From the standpoint of installation, covered cables are treated the same as bare cables 
– installed on supporting structures using insulators. There are several classes of 
covered cables depending on the thickness of the covering: line-wires (thinnest 
covering), spacer cables, and tree-wire (thickest and most abrasion-resistant cable). 
Tree wire is specifically designed to withstand a degree of contact with tree limbs. 
Spacer cable is designed to allow a supporting messenger cable to be used with a non-
conducting spacer (typically plastic) to bridge the conductors and messenger, and carry 
the conductor cables closer to each other than if bare cables are used. 

From the standpoint of cables being resilient in the face of high winds, limb or bird 
contact, and not sparking wildfires, covered cables should be considered a minimum 
specification. 

3.2. Fuses 
Fuses are still used extensively in electric distribution systems. A modern protective 
relay plus a breaker (a.k.a., a recloser, covered below) can duplicate the performance of 
any fuse, but at a price several orders of magnitude more expensive. Fuses are not only 
very inexpensive, they come with a wide variety of performance characteristics, and can 
interrupt a high over-current on a line (given the right fuse) in as little as half a cycle. 
This will greatly limit the amount of arc-energy from a line-to-line or line to ground fault, 
and perhaps prevent this from sparking a wild-fire. 

An additional resource: below is a link to a major fuse manufacturer web page with a 
short tutorial on types of fuses.  

https://www.eaton.com/us/en-us/products/medium-voltage-power-distribution-control-
systems/utility-fuses/fuses--fundamentals-of-fuses.html  

3.3. Older Fault Isolation & Restoration Devices 
Rather than repeat text I put in a post a while back, I will ask my readers to go to section 
2 of the following post for a reasonable explanation of fault indicators, sectionalizers and 
simple line switches. Reclosers and communicating line switches are also covered in 
this section but I will cover these in the next subsection, along with a different strategy 
than that described in the post linked below. 

https://www.energycentral.com/c/pip/squirrel-no-good-%E2%80%93-part-1  

3.4. Reclosers, Smart Line Switches, and New Strategy 
The old strategy for fault isolation and relied on multiple attempted reclosing attempts to 
isolate a fault as described in the above linked paper. In locations and during periods 
when there is a wildfire risk, attempted reclosing should be reduced to zero. If the initial 
fault does not spark a fire, certainly multiple reclosing attempts will. 

Reclosers are nothing more than a dumb device (a breaker) packaged with a 
programmable, communicating device (a protective relay). The breaker is a switch that 
can interrupt a fault current. The protective relay can have multiple programs 
(sometimes called "settings"), and these can be triggered for different situations. A 
distribution protective relay senses conditions on a distribution circuit and reacts 
according to its active program, and any instructions communicated to it from the control 
center to either trip (open) or close (a.k.a. reclose) the breaker. 

https://www.eaton.com/us/en-us/products/medium-voltage-power-distribution-control-systems/utility-fuses/fuses--fundamentals-of-fuses.html
https://www.eaton.com/us/en-us/products/medium-voltage-power-distribution-control-systems/utility-fuses/fuses--fundamentals-of-fuses.html
https://www.energycentral.com/c/pip/squirrel-no-good-%E2%80%93-part-1
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A communicating line switch is similar to a recloser, but normally isn't programmable, 
and just responds to instructions from the control center. Also its dumb component (line 
switch) cannot open to interrupt (break) a fault. 

Modern protective relays can actually estimate how far away a fault is down its line, but 
this function works poorly in distribution lines with multiple branches down that line. Thus 
fault indicators as described in the above linked paper may still be the best and safest 
way to find the faulted segment of a line. 

Once the source of a fault is identified and cleared, if a recloser and/or smart line switch 
is feeding the segment, these can be operated from the control center to energize the 
previously faulted segment. This is the quickest and probably safest way to restore the 
segment – if there is still a problem a lineman observing the segment can communicate 
with the control center and have them immediately deactivate it. 


